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STATE OF ALASKA 
Department of N a t u r a l  Resources  

DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS 

According t o  Alaska  S t a t u t e  4 1 ,  t h e  Alaska  
D i v i s i o n  of G e o l o g i c a l  and Geophys ica l  Surveys  is 
charged  wi th  c o n d u c t i n g  ' g e o l o g i c a l  and g e o p h y s i c a l  
s u r v e y s  t o  d e t e r m i n e  t h e  p o t e n t i a l  of  Alaska l a n d s  
f o r  p r o d u c t i o n  of m e t a l s ,  m i n e r a l s ,  f u e l s ,  and geo- 
t h e r m a l  r e s o u r c e s ;  t h e  l o c a t i o n s  and s u p p l i e s  of  
ground w a t e r s  and c o n s t r u c t i o n  m a t e r i a l s ;  t h e  
p o t e n t i a l  g e o l o g i c  h a z a r d s  t o  b u i l d i n g s ,  r o a d s ,  
b r i d g e s ,  and o t h e r  i n s t a l l a t  i o n s  and s t r u c t u r e s  ; 
and s h a l l  conduct  o t h e r  s u r v e y s  and i n v e s t i g a t i o n s  
a s  w i l l  advance knowledge of  t h e  geo logy  o f  
A l a s k a .  ' 

I n  a d d i t  i o n ,  t h e  D i v i s i o n  s h a l l  c o l l e c t ,  eva l -  
u a t e ,  and p u b l i s h  d a t a  on t h e  underground,  s u r f a c e ,  
and c o a s t a l  w a t e r s  of  t h e  s t a t e .  It s h a l l  a l s o  
p r o c e s s  and f i l e  d a t a  from w a t e r - w e l l - d r i l l i n g  
l o g s .  

DGGS per fo rms  numerous f u n c t i o n s ,  a1 1 under 
t h e  d i r e c t i o n  of  t h e  S t a t e  Geo log i s t - - - resource  
i n v e s t i g a t i o n s  ( i n c l u d i n g  m i n e r a l ,  pe t ro leum,  and 
w a t e r  r e s o u r c e s ) ,  geo log ic -hazard  and geochemical  
i n v e s t i g a t i o n s ,  and in fo rmat  i o n  s e r v i c e s .  

A d m i n i s t r a t i v e  f u n c t i o n s  a r e  performed under 
t h e  d i r e c t i o n  of t h e  S t a t e  G e o l o g i s t ,  who m a i n t a i n s  
h i s  o f f i c e  i n  Anchorage (3001 Porcup ine  D r . ,  
99501, ph 274-9681). 

T h i s  r e p o r t  i s  f o r  s a l e  by DGGS f o r  $ 7 . 0 0 .  I t  may be i n s p e c t e d  a t  any of 
t h e  f o u r  DGGS in fo rmat  i o n  o f f i c e s  : U n i v e r s i t y  of Alaska P h y s i c a l  P l a n t  Rldg , 
F a i r b a n k s ;  323 E .  4 t h  Ave., Anchorage;  230 So. F r a n k l i n  S t ,  Juneau ;  and t h e  
S t a t e  O f f i c e  Bldg,  Ke tch ikan .  Mail o r d e r s  shou ld  be addressed  t o  DGGS, P.O. 
Box 80007,  C o l l e g e ,  AK 99701. 



ERRATA 
To ho lde r s  of Alaska Open-file Report AOF-144: P l ea se  s u b s t i t u t e  the  

enclosed pages 83 ,  84,  and 105 (which may have been page 96 i n  an e a r l i e r  
v e r s i o n )  f o r  t h e  app rop r i a t e  ones i n  your r e p o r t .  

Table 18 g ives  the  chemical composition of fumarol ic  gas samples ob ta ined  
from s i t e s  A and C .  The propor t ions  of c o n s t i t u e n t  gases  a r e  s i m i l a r  i n  the  two 
fumarol ic  a r e a s .  The dominant gas i n  both f i e l d s  is  carbon d iox ide .  The n i t r o g e n  
and argon a r e  probably of atmospheric o r i g i n ,  and a r e  probably d i sso lved  in  in- 
f i l t r a t i n g  su r f ace  waters  ( ~ a z o r  and Wasserberg, 1965) .  The low concen t r a t i on  of 
oxygen i n  both ca se s  is  probably due t o  ox ida t ion  of H2S and H2. 

Reservoi r  P r o p e r t i e s  

The occurrence of t he  thermal s p r i n g s  a t  the  base of fumarole f i e l d s  i n  
Makushin Val ley sugges ts  t h a t  a t  l e a s t  pa r t  of t h e  sp r ing  waters  may o r i g i n a t e  
a s  condensat ion of steam i n  su r f ace  wa te r s ,  which then p e r c o l a t e  i n t o  t he  
porous col luvium and count ry  rock t o  even tua l ly  emerge a s  s p r i n g s .  The h igh  
s i l i c a  conten t  of the  thermal waters ,  however, i n d i c a t e s  t h a t  a  l a r g e  po r t i on  
of t h e  waters  must have o r i g i n a t e d  from a subsur face  r e s e r v o i r  where tempera- 
t u r e s  exceed 150°C, assuming the  s i l i c a  is  i n  equ i l i b r ium with qua r t z .  Surface 
waters  i n f i l t r a t i n g  t h i s  r e s e r v o i r  may become heated on descen t ,  causing d i s -  
s o l u t i o n  of c a t i o n s  i n  t he  wal l  rock,  a  p rocess  a ided i n  p a r t  by t he  s l i g h t  
a c i d i t y  of t he  wa te r s .  The l e v e l s  of calcium, and p a r t i c u l a r l y  magnesium, 
r e l a t i v e  t o  sodium and potassium i n d i c a t e  the res idence  time of waters  i n  t he  
r e s e r v o i r  is too s h o r t  f o r  t he se  c o n s t i t u e n t s  t o  e q u i l i b r a t e  t o  t he  es t imated  
r e s e r v o i r  temperature .  S i l i c a  can e q u i l i b r a t e  r a t h e r  r a p i d l y ,  w i th in  s e v e r a l  
days t o  a  few weeks. This sugges ts  the  r e s e r v o i r  supplying the  thermal-spr ing 
waters  l i e s  a t  f a i r l y  shal low depths .  The low c h l o r i d e  conten t  and the  
s l i g h t l y  a c i d - s u l f a t e  chemistry of t he  thermal wa te r s ,  t oge the r  with t h e i r  
a s s o c i a t i o n  with fumarol ic  a c t i v i t y ,  a r e  evidence f o r  a perched r e s e r v o i r  
suppl ied  by meteor ic  waters  t h a t  a r e  hea ted  by steam and vo lcan i c  gases  r i s i n g  
through a  vapor-dominated zone from a much deeper r e s e r v o i r .  

Table  18.  Chemical composition of fumarolic gases  from Makushin Val ley  
thermal f i e l d  ( a n a l y s i s  i n  volume percent  1. 

S i t e  A S i t e  C 

a ~ .  Weldon and R.  Poreda, a n a I y s t s  , Scr ipps  
I n s t i t u t i o n  of Oceanography, La J o l l a ,  C a l i f .  

b ~ .  Moorman, a n a l y s t ,  DGGS. 

The hydrogen s u l f i d e  probably has a  magmatic o r i g i n ,  as  does a s  l e a s t  p a r t  
of  t h e  carbon d ioxide  (Cra ig , ' 1963 ;  White, 1968) .  An a n a l y s i s  of 



3 t h e  r a t i o  of ~ e : ~ H e  i n  t he  fumarol ic  gases  ob ta ined  i n  coopera t ion  with R. 
Poreda a t  t h e  Sc r ipps  I n s t i t u t e  of Oceanography is  g iven  below: 

MV-A MV-C - - 
(:Hel4He 4.9 6.6 
( J ~ e / 4 ~ e ) A ~ ~  

An enrichment in  3 ~ e  i n  fumarol ic  gases  has been c o r r e l a t e d  with 
3 magmatic a c t i v i t y  on a worldwide b a s i s ,  t h e  source of He thought t o  be 

der ived  from pr imordia l  mant le  m a t e r i a l  ( ~ u ~ t o n  and Cra ig ,  1975; Craig and 
o t h e r s ,  1978; R. Poreda,  p e r s .  commun.). The va lues  f o r  the  Makushin fumaroles 
a r e  w i t h i n  t h e  range of o t h e r  vo l can i c  i s land-arc  geothermal systems. 

The hydrogen conten t  of t he  gases  is  probably produced by high- temperature  
r e a c t i o n  of water with fe rous  oxides  and s i l i c a t e s  contained i n  t he  deep 
r e s e r v o i r  rocks ( ~ e w a r d ,  1974) .  

Table  19 g i v e s  t h e  r e s u l t s  of applying t h e  D'Amore and Pan ich i  (1980) gas 
geothermometer t o  t h e  Makushin fumarole samples.  From the  propor t ions  of gases  
p r e s e n t ,  B is  chosen as  0  and the  r e s p e c t i v e  r e s e r v o i r  temperature  e s t ima te s  
a r e  2 7 8 " ~  and 2 3 2 " ~  f o r  s i t e s  A and C .  These e s t ima te s  must be used with 
c a u t i o n .  The accuracy of t h i s  geothermometer has not yet been g e n e r a l l y  
accepted .  Furthermore, t h e  gases  have probably undergone r e a c t i o n  with a  
sha l low r e s e r v o i r  which may have a f f e c t e d  t h e i r  H2S and H2 c o n t e n t s .  

Despi te  t he  u n c e r t a i n t i e s  i n  t he  gas geothermometers, t he  l a r g e  f l u x  of  
s team and the  probable  magmatic o r i g i n  of some of t he  fumarol ic  gases  i n d i c a t e  
t he  e x i s t e n c e  of a  high-temperature ,  deep geothermal r e s e r v o i r .  

Table 19 .  Gas geothermometry, Makushin Va l l ey  fumaroles 
( tempera tures  " c ) .  

B* - S i t e  A S i t e  C 

* for  exp lana t ion  of B ,  see  t a b l e  3b .  

Comments 

The Makushin Val ley  hydrothermal system is  s i m i l a r  i n  most r e s p e c t s  t o  the  
G l a c i e r  Val ley system. Both a r e  c h a r a c t e r i z e d  by ex t ens ive  f i e l d s  of mild 
fumarol ic  a c t i v i t y  and thermal s p r i n g s  low i n  c h l o r i d e  and r i c h  in  s u l f a t e  and 
b i ca rbona te .  The proximity of t he se  f i e l d s  t o  each o the r  and t o  t he  a c t i v e  
summit c a l d e r a  i n d i c a t e  a  common source of hea t  u n d e r l i e s  t he  volcano.  
Comparison with s i m i l a r  vo l can i c  systems elsewhere i n  t h e  world sugges ts  t h e  
o r i g i n  of t he  hydrothermal system i s  a  high-temperature sodium-chloride b r i n e  
over ly ing  a  cool ing  body of magma. Gases and steam escaping from t h i s  deep 
r e s e r v o i r  g ive  r i s e  t o  r e s e r v o i r s  r i c h  i n  secondary b i ca rbona te - su l f a t e  a t  
shal lower l e v e l s  and t o  t h e  fumarol ic  f i e l d s  on the  f l anks  and summit of t h e  
volcano.  



The d i f f e r e n c e  i n  c h l o r i d e  and s i l i c a  c o n t e n t s  of s p r i n g s  A3 and D 2 ,  t h e  
s i m i l a r i t y  i n  t h e i r  B:C1 r a t i o s ,  and the  l a r g e  combined flow of t he  s p r i n g s  
i n d i c a t e  t h a t  t he  deep thermal waters  may be d i l u t i n g  i n  a  sha l low subsur face  
a q u i f e r .  I f  so ,  a l l  t h r e e  geothermometers would tend t o  underest imate  t he  
deep- reservoi r  temperature  e s t i m a t e s .  Following the  method of Truesde l l  and 
~ o u r n i e r  (19771, a p p l i c a t i o n  of t he  qua r t z  mixing model sugges ts  deep- reservoi r  
t empera tures  as  high a s  235 "c .  

Comments 

No geophysical  e x p l o r a t i o n  o r  exp lo ra to ry  d r i l l i n g  has yet  been done near 
t h e  Akutan ho t  s p r i n g s .  Thickness of t he  a l l u v i a l  f i l l  i n  t he  v a l l e y  i s  
unknown but is probably on the  o rde r  of 100 m. Bedrock underlying the  v a l l e y  
may be an ex tens ion  of t h e  vo l can i c  b r e c c i a  sequence exposed along the  v a l l e y  
w a l l s .  I f  capped by hydrothermal cementat ion,  such a  porous and permeable host  
rock could house a  s u b s t a n t i a l  hot-water r e s e r v o i r  a t  f a i r l y  shal low dep ths ,  
one t h a t  might be e a s i l y  tapped. 

The l i n e a r  d i s t r i b u t i o n  of the  thermal s p r i n g s  sugges ts  they a r e  r e l a t e d  
t o  a  subsur face  f r a c t u r e  system, perhaps a  s e i s m i c a l l y  induced break i n  t he  cap  
of  t h e  hypo the t i ca l  sha l low r e s e r v o i r .  The massive d ikes  t h a t  appear t o  
t r a v e r s e  t h e  mouth of the  v a l l e y  may be a c t i n g  a s  b a r r i e r s  t o  the  i n t r u s i o n  of  
seawater  i n t o  t h e  hypothermal system. 

The es t imated  deep- reservoi r  temperature  of 1 8 0 " ~  i s  s u f f i c i e n t  fo r  a  
v a r i e t y  of a p p l i c a t i o n s ,  inc lud ing  the  gene ra t i on  of a  modest amount of 
e l e c t r i c a l  power, e . g . ,  a  1-MW well-head-driven Rankine b ina ry  system. The 
nearness  of t h i s  hot-water system t o  a  wel l -pro tec ted  deep-water harbor  with a  
popula t ion  c e n t e r  and p o t e n t i a l  i n d u s t r i a l  u se r s  ( e . g . ,  f i s h i n g  processors )  
make t h e  Akutan hot  sp r ing  s i t e  a  p a r t i c u l a r l y  a t t r a c t i v e  one fo r  f u t u r e  
development. The r i d g e  t h a t  l i e s  between the  s i t e  and Akutan volcano should 
h e l p  provide a  p r o t e c t i v e  b a r r i e r  from e rup t ions  from the  a c t i v e  volcano. 
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ASSESSMENT OF THERMAL SPRINGS SITES ALEUTIAN ARC, ATKA ISLAND TO 
BECHEROF LAKE -- PRELIMINARY RESULTS AND EVALUATION 

By R.J. Motyka, M.A. Moorman, S.A. Liss 

ABSTRACT 

Twenty of more than 30 ther~nal spring areas reported to exist in 
the Aleutian arc extending from Atka Island to Becherof Lake were 
investigated during July and August, 1980. Thermal activity of three 
of these sites had diminished substantially or no longer existed 
(Ukinrek, Bogoslof, and Peulik). At least seven more sites where 
thermal-spring activity is probable or certain were not visited 
because of their remoteness or because of time constraints. The 
existence of several other reported thermal spring sites could not be 
verified; these sites are considered questionable. 

On the basis of geothermometry, subsurface reservoir temperatures 
in excess of 150°C are estimated for 10 of the thermal spring sites 
investigated. These sites all occur in or near regions of Recent 
volcanism. Five of the sires are characterized by fumaroles and 
steaming ground, indicating the presence of at least a shallow vapor- 
dominated zone. Two, the Makushin Valley and Glacier Valley thermal 
areas, occur on the flanks of active Makushin Volcano located on 
Unalaska Island, and may be connected to a common source of heat. Gas 
geothermometry suggests that the reservoir feeding the Kliuchef thermal 
field, located on the flanks of Kliuchef volcano of northeast Atka 
Island, may be as high as 239'~. 

The Geyser Bight thermal-springs area constitutes the hottest and 
most extensive hot-water hydrothermal-convective system known in Alaska. 
Most of the thermal springs there, dispersed over a 4-km2 area on central 
Umnak Island, are at or near boiling. Deep reservoir temperatures are 
conservatively estimated at 210°c and may be as high as 264'~. A geo- 
thermal reservoir temperature of 180'~ is estimated for Akutan hot springs, 
a 1-km-long zone of 60°-80°c thermal springs with an estimated 
total flow rate of 600 Imp, located 10 km northeast of the active Akutan 
Volcano. The Emmons Lake hot-springs site,'located in a remote region of 
the southwest Alaska Peninsula, has an estimated reservoir temperature of 
178Oc; discharge from the 60°c thermal springs was measured at 600 lpm. 
The llother Goose hot springs (50°-60°c), located at the base of Ilt. Chig- 
inagak, an active volcano on the Alaska Peninsula, are distinguished by 
their enormous rare of discharge (+4,000 lpm) and by the mixed character 
of their thermal-water chemistry. Deep reservoir temperatures at Mother 
Goose are tentatively estimated at 150°C. 

Five thermal-springs sites were identified to have reservoir tem- 
peratures in the range of 90°-150°c: Partov hot springs, Cold Bay hot 
springs, False Pass hot springs, Port Floller hot springs, and Akun Strait 
hot springs. 



Three  s i tes  a r e  i d e n t i f i e d  a s  h a v i n g  r e s e r v o i r  t e m p e r a t u r e s  ( 9 0 ' ~ :  
Egg I s l a n d ,  Kenmore, and Summer Bay. Mixing models f o r  t h e  Summer 
Bay s i t e ,  however,  s u g g e s t  t h e  p a r e n t  t h e r m a l  w a t e r  f o r  t h i s  sys tem may 
o r i g i n a t e  from a  1 6 0 ' ~  r e s e r v o i r .  

The t h e r m a l - s p r i n g s  s i t e s  i n  t h e  s t u d y  r e g i o n  f a l l  i n t o  t h r e e  
g e n e r a l  t e r r a i n  a s s o c i a t i o n s :  1 )  t h o s e  which o c c u r  on t h e  f l a n k s  o r  a t  
t h e  b a s e  o f  Recent  v o l c a n o e s ;  2 )  t h o s e  sys tems  which o c c u r  n e a r  Recent  
v o l c a n o e s  a n d / o r  n e a r  l i n e a t i o n s  t h a t  s u g g e s t  f r a c t u r e  o r  f a u l t  c o n t r o l  
f o r  t h e  t h e r m a l - s p r i n g  o c c u r r e n c e ;  and 3)  t h o s e  sys tems  remote  from any 
Recent  v o l c a n o ,  t y p i c a l l y  a t  o r  n e a r  t h e  c o a s t ,  and which a p p e a r  t o  b e  
r e l a t e d  t o  l o c a l  f r a c t u r e s  o r  d i k e s .  These  a s s o c i a t i o n s  a r e  r e f l e c t e d  i n  
t h e  wide v a r i a t i o n  i n  w a t e r  c h e m i s t r y  o f  t h e  A l e u t i a n - a r c  t h e r m a l  s p r i n g s .  
S p r i n g s  d i r e c t l y  a s s o c i a t e d  w i t h  fumaro le  and s team f i e l d s  on o r  n e a r  
Recent  v o l c a n o e s  are c h a r a c t e r i z e d  by e x t r e m e l y  low c h l o r i d e  c o n c e n t r a -  
t i o n s  (450 ppm) and o f t e n  low pH. Some o f  t h e  n e a r - n e u t r a l  low-ch lor ide  
s p r i n g s  a r e  c o m p a r a t i v e l y  r i c h  i n  b i c a r b o n a t e  and s u l p h a t e  and have h i g h  
levels  of magnesium and  c a l c i u m  r e l a t i v e  t o  sodium and po tass ium.  Such 
w a t e r s  a p p e a r  t o  o r i g i n a t e  f rom t h e  h e a t i n g  of s u r f a c e  w a t e r s  c i r c u l a t i n g  
i n  s h a l l o w  r e s e r v o i r s  by condens ing  s team and v o l c a n i c  g a s e s  r i c h  i n  H2S 
and C 0 2 .  

Thermal w a t e r s  from h i g h - t e m p e r a t u r e  sys tems  a s s o c i a t e d  w i t h  i n f e r r e d  
d e e p - f r a c t u r e  sys tems  s u c h  a s  Geyser Bigh t  and Akutan h o t  s p r i n g s  are 
t y p i f i e d  by m i l d  t o  modera te  c o n c e n t r a t i o n s  of a l k a l i - c h l o r i d e s ,  low 
Na/K r a t i o s ,  and h i g h  l e v e l s  o f  s i l i c a .  Geyser  Bight  and Hot S p r i n g s  Cove 
a r e  a l s o  c h a r a c t e r i z e d  by h i g h  l e v e l s  o f  boron compared t o  o t h e r  A l e u t i a n -  
a r c  h o t  s p r i n g s .  The c o n s t i t u e n t s  o f  t h e s e  t h e r m a l  w a t e r s  a r e  p robab ly  
d e r i v e d  i n  l a r g e  p a r t  f rom t h e  i n t e r a c t i o n  of ho t -wate r  w i t h  w a l l  r o c k s  
d u r i n g  long- term r e s i d e n c e  i n  deep-sea ted  geo thermal  r e s e r v o i r s .  P a r t  of 
t h e  c o n s t i t u e n t s  may a l s o  be  of magmatic o r i g i n .  Depths t o  s u c h  r e s e r -  
v o i r s  a r e  l a r g e l y  unknown; b u t  based  on o c c u r r e n c e s  e l s e w h e r e  i n  t h e  w o r l d ,  
t h e y  a r e  p r o b a b l y  1 t o  3 km deep .  

G e n e r a l l y ,  t h e r m a l  s p r i n g s  t h a t  a r e  a s s o c i a t e d  w i t h  r e l a t i v e l y  low 
s u b s u r f a c e  t e m p e r a t u r e s  and which o c c u r  a t  o r  n e a r  t h e  c o a s t  are moder- 
a t e l y  c o n c e n t r a t e d  sod ium-ch lor ide  w a t e r s ,  u s u a l l y  w i t h  measurab le  q u a n t i t i e s  
of bromide.  The c o n s t i t u e n t s  i n  t h e s e  w a t e r s  p r o b a b l y  o r i g i n a t e d  i n  p a r t  
from t h e  c i r c u l a t i o n  of sea water i n  deep  f r a c t u r e  s y s t e m s ,  w i t h  qagnesium 
and s u l p h a t e  b e i n g  s e l e c t i v e l y  removed i n  h igh- tempera tu re  wa te r - rock  
r e a c t i o n s .  

C'lrbon d i o x i d e  i s  t h e  dominant gas  p r e s e n t  i n  a l l  but on1 of t h e  n ine  
g a s  s ~ l ~ p l e s  o b t a i n e d  from ho t  s p r i n g s  and fumaroles  i n  t h e  s t u d y  a r e a .  
Mezb.ane gas  predominates  a t  P o r t  Mol le r  h o t  s p r i n g s .  Notably  h i g h  
p r o p o r t i o n s  of hydrogen ( 5 . 9  p e r c e n t )  and hydrogen s u l f i d e  ( 1 . 6  p e r c e n t )  
were d e t e c t e d  in  samples o b t a i n e d  from t h e  Kl iuchef  thermal f i e l d .  
Znnrlchuents of 3 ~ e  i n  g a s e s  o b t a i n e d  from Makushin V a l l e y  fumaroles  a r e  
tyy2ical of i s l a n d - a r c  s e t t i n g s .  The e x c e s s  3 ~ e  is thought  t o  be of mant le  
Or1 Jl3. 



Many of t h e  h y d r o t h e r m a l  s y s t e m s  i n  t h e  s t u d y  r e g i o n  a p p e a r  t o  
b e  i n t i m a t e l y  a s s o c i a t e d  w i t h  t h e  magmatic a c t i v i t y .  Deep r e s e r v o i r s  
p r o b a b l y  r e s i d e  i n  magmat ica l ly  h e a t e d  o l d e r  r o c k  f o r m a t i o n s  t h a t  a r e  
-capped by l a t e  Q u a t e r n a r y  v o l c a n i c s .  Thermal s p r i n g s  remote  f rom 
c e n t e r s  o f  Recent  v o l c a n i s m  p r o b a b l y  d e r i v e  t h e i r  h e a t  s o l e l y  f rom 
t h e  r e g i o n a l  geo the rmal  g r a d i e n t  by c i r c u l a t i o n  a l o n g  deep f r a c t u r e  
s y s t e m s .  

Three  l o c a t i o n s  have been i d e n t i f i e d  i n  t h i s  s t u d y  where  t h e  
p o t e n t i a l  f o r  d e v e l o p i n g  and u s i n g  geo the rmal  e n e r g y  i s  h i g h l y  p romis ing  
t o  o u t s t a n d i n g :  Akutan I s l a n d ,  n o r t h e r n  Unalaska  I s l a n d ,  and n o r t h e a s t  
Atka I s l a n d .  A l l  t h r e e  areas h a v e  h i g h - t e m p e r a t u r e  (>150°c) g e o t h e r m a l  
r e s o u r c e s  t h a t  a r e  l o c a t e d  n e a r  e x i s t i n g  p o p u l a t i o n  c e n t e r s  w i t h  e x c e l l e n t  
w e l l - p r o t e c t e d ,  deep-water h a r b o r s .  Two o f  t h e s e  c e n t e r s ,  Akutan and 
Unalaska  v i l l a g e s ,  p r e s e n t l y  s e r v e  a s  t h e  major  s u p p l y  and p rocess i -ng  
p o r t s  f o r  most o f  t h e  American-based Aleu t i an -Ber ing  Sea  f i s h i n g  f l e e t s .  
The t h i r d ,  Atka V i l l a g e ,  i s  a s u b s i s t e n c e  community and i s  a c t i v e l y  s e e k i n g  
an energy  base  f o r  d e v e l o p i n g  a  l o c a l  f i s h - p r o c e s s i n g  i n d u s t r y .  The 
geo the rmal  r e s e r v o i r  t e m p e r a t u r e s  e s t i m a t e d  i n  a l l  t h r e e  l o c a l i t i e s  a r e  
p robab ly  h i g h  enough t o  produce a t  l e a s t  moderate amounts of e l e c t r i c a l  
power (1-5 MW) by u s i n g  Rankine-type b i n a r y  systems o r  by f l a sh -s team 
p r o d u c t i o n .  Cascaded u s e s  a r e  p o s s i b l e  f o r  d i r e c t  space  h e a t i n g  and 
i n d u s t r i a l  p r o c e s s i n g .  

Although t h e  Geyser  Bight geothermal  r e s o u r c e  i s  t h e  h o t t e s t  and most 
e x t e n s i v e  t h u s  f a r  i d e n t i f i e d  i n  Alaska ,  t h e  l a c k  of p r o t e c t e d  deep-water 
h a r b o r s  and p o t e n t i a l  u s e r s  on Umnak I s l a n d  make t h e  development of t h i s  
r e s o u r c e  i m p r a c t i c a l  a t  t h i s  t ime .  



INTRODUCTION 

More t h a n  20 s i tes  r e p o r t e d  t o  have  t h e r m a l  s p r i n g s  i n  t h e  r e g i o n  
e x t e n d i n g  from Atka I s l a n d  on t h e  wes t  t o  Becherof Lake on t h e  e a s t  were 
i n v e s t i g a t e d  by DGGS d u r i n g  J u l y  and August of 1980 ( f i g .  1 ) .  I n  a d d i t i o n ,  
i n f o r m a t i o n  r e g a r d i n g  t h e  e x i s t e n c e  of s e v e r a l  o t h e r  r e p o r t e d  t h e r m a l  s p r i n g  
s i t e s  was o b t a i n e d  th rough  p e r s o n a l  communication w i t h  e i t h e r  long- t ime 
r e s i d e n t s  of t h e  area i n  q u e s t i o n  o r  w i t h  p e r s o n s  who had a c t i v e l y  s e a r c h e d  
f o r  t h e s e  s p r i n g s .  T h i s  r e p o r t  p r e s e n t s  t h e  p r e l i m i n a r y  r e s u l t s  o f  t h e  
i n v e s t i g a t i o n s  and a n  e v a l u a t i o n  o f  t h e  geo thermal  energy  p o t e n t i a l  o f  t h e  
i n d i v i d u a l  s i tes .  S e v e r a l  a d d i t i o n a l  t h e r m a l - s p r i n g  s i t e s  a r e  known t o  
e x i s t  i n  t h i s  r e g i o n  b u t  were  n o t  i n v e s t i g a t e d  because  of t h e i r  r emoteness ,  
t h e i r  o c c u r r e n c e  i n  one  o f  t h e  f e d e r a l  c o n s e r v a t i o n  u n i t s ,  o r  t h e  l a c k  o f  
t i m e  . 

The A l e u t i a n  a r c  c o n s i s t s  o f  t h e  e n t i r e  c h a i n  o f  t h e  A l e u t i a n  I s l a n d s  
and i t s  s t r u c t u r a l  e x t e n s i o n s ,  t h e  Alaska  P e n i n s u l a ,  and t h e  A l e u t i a n  Range 
( C o a t s ,  1950 ) .  A t  least 76  major  v o l c a n o e s  o c c u r  a l o n g  t h i s  a r c u a t e  b e l t ,  
e x t e n d i n g  o v e r  2 ,400 km from Pit. Spur r  on t h e  e a s t  t o  B u l d i r  I s l a n d  on t h e  
w e s t .  Of t h e s e ,  a t  l e a s t  36 have been  r e p o r t e d  a c t i v e  s i n c e  1760.  The 
A l e u t i a n  c h a i n  o f  a c t i v e  v o l c a n o e s  l i e s  immediate ly  n o r t h  o f  t h e  A l e u t i a n  
Trench ,  a c o n v e r g e n t  boundary between t h e  North  American and t h e  P a c i f i c  
l i t h o s p h e r i c  p l a t e s .  T h i s  convergence  p roduces  one  o f  t h e  most s e i s m i c a l l y  
a c t i v e  b e l t s  i n  the  wor ld .  I4uch o f  t h e  s e i s m i c i t y  o r i g i n a t e s  from t h e  
Ben iof f  Zone, t h e  s u b c r u s t a l  r e g i o n  where t h e  P a c i f i c  p l a t e  i s  b e i n g  a c t i v e l y  
subduc ted  under  t h e  marg in  o f  t h e  North  American p l a t e  a l o n g  t h e  A l e u t i a n  
Trench.  With t h e  e x c e p t i o n  of Amak and Bogoslof I s l a n d s ,  t h e  A l e u t i a n  v o l -  
c a n o e s  a l l  l i e  a b o u t  100 km above che  Benioff  Zone. The e r u p t i o n  o f  
A l e u t i a n  magmas a p p e a r s  t o  be  i n t i m a t e l y  r e l a t e d  t o  t h e  s u b d u c t i o n  p r o c e s s .  

The A l e u t i a n  a r c  i s  s p a r s e l y  p o p u l a t e d  (<10,000 i n h a b i t a n t s )  and 
t h e  few v i l l a g e s  t h a t  e x i s t  a r e  w i d e l y  d i s p e r s e d  ( f i g .  1 ) .  Atka i s  t h e  
westernmost  A l e u t  v i l l a g e  i n  t h e  A l e u t i a n  c h a i n ;  r e g i o n s  f u r t h e r  west  con- 
s t i t u t e  a r e s t r i c t e d  f e d e r a l  m i l i t a r y  r e s e r v e  area. D e s p i t e  t h e  low popu- 
l a t i o n  o f  t h e  A l e u t i a n  a r c ,  t h e  c o n t i n u e d  e x p l o i t a t i o n  o f  t h e  r i c h  f i s h -  
e r i e s  of t h e  Ber ing  Sea and North  P a c i f i c  Oceans h a s  made t h e  r e g i o n  i n c r e a s -  
i n g l y  e c o n o m i c a l l y  i m p o r t a n t .  A t  least two of  t h e  pr ime c e n t e r s  f o r  t h i s  
i n d u s t r y ,  Unalaska and Akutan,  have p a r t i c u l a r l y  p romis ing  geo thermal  
r e s o u r c e s  n e a r b y .  The v i l l a g e  o f  A t k a ,  which h a s  t h e  p o t e n t i a l  o f  becoming 
a  t h i r d  f i s h i n g  c e n t e r ,  a l s o  h a s  a p romis ing  geo thermal  r e s o u r c e  n e a r b y .  

Assessment work on t h e r m a l - s p r i n g  s i t e s  i n  Alaska i s  p a r t  of a j o i n t  
S t a t e  o f  Alaska  - U.S. Department of Energy program t o  d e t e r m i n e  t h e  hydro- 
t h e r m a l  r e s o u r c e  p o t e n t i a l  o f  Alaska .  More t h a n  100 h o t - s p r i n g  s i t e s  a r e  
r e p o r t e d  t o  e x i s t  i n  t h e  s ta te ,  w i t h  s i g n i f i c a n t  c o n c e n t r a t i o n s  and b e l t s  
o f  the rmal  s p r i n g s  a l o n g  t h e  A l e u t i a n  Range, i n  s o u t h e a s t e r n  Alaska ,  and 
a c r o s s  c e n t r a l  Alaska .  The f i r s t  comprehensive  i n v e n t o r y  o f  t h e  the rmal  
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springs of Alaska was published in 1917 by Waring. Since then brief sum- 
maries of Alaskan thermal springs have appeared in Waring (1965), Miller 
(1973), White and Williams (1975), and Muffler (1979). The most recent 
comprehensive summaries of Alaska thermal spring investigations have been 
compiled by Markle (1979) and by Turner and others (1980). 

The scope of the initial assessment of geothermal resources as under- 
taken by DGGS includes: 1) investigating all thermal-spring sites pre- 
viously reported but not visited or studied by a scientific team, 2) pro- 
viding up-to-date data and more detailed studies of previously investigated 
sites, and 3) locating and investigating any additional thermal-spring sites 
not previously reported. The assessmeqt work include's reconnaissance of 
site geology and hydrology, investigation of thetmal-spring characteristics 
including temperatures and flow rates, and geochemical sampling and analy- 
sis of the rocks and thermal waters at the site. This information is used 
to describe the site, to estimate reservoir temperature, to determine the 
extent of mixing of thermal waters with colder waters whenever possible, 
and to evaluate the geothermal energy potential of the site. As the ini- 
tial investigation and assessment of thermal-spring sites in various regions 
of Alaska are completed, the information compiled is released in DGGS open- 
file reports. The first in this series is the preliminary evaluation of 
thermal-spring sites in southern Southeastern Alaska (Motyka and others, 
1980). The data for all the thermal-spring sites of Alaska will eventually 
be compiled into a geothermal atlas. The information is also being used 
to help select specific sites with the most potential for geothermal energy 
use and to formulate recommendations for follow-up studies at these sites. 

USE OF THE REPORT 

The purpose of this open-file report is to provide a ready reference 
of detailed, current data bearing on the potential uses of hydrothermal 
systems of the central and eastern Aleutian arc. The report is organized 
into several sections so that the reader, depending on his familiarity 
with geothermal resources and their methods of investigation, can use any 
part of the report separately. The first section is a brief discussion 
of hydrothermal convective systems. The next part deals with data acquisi- 
tion and sampling procedures, methods and precision of laboratory analyses, 
and geothermometric models. Detailed discussions of each s,ite investigated 
follow next and include the location, general description, geology, spring 
characteristics, reservoir properties, and comments. The final section 
provides a general summary of identified central and eastern Aleutian-arc 
hydrothermal systems. For convenience, a list of abbreviations and unit 
symbols used in this report is ~rovided in Appendix A. Precision of water 
analyses is given in Appendix B. A summary of Aleutian Arc hot spring 
water chemistry is given in Appendix C. 

HYDROTHEN.fAL CONVECTION SYSTEMS 

Hydrothermal convection systems consist of a heat source, a fluid, 
and a rock medium having adequate vertical permeability to allow hot, 
low-density fluids to rise and more dense, cooler fluids to descend 



elsewhere in the system. In hydrothermal convection systems, most of 
the heat is transported by convective circulation of fluids rather than 
by thermal conduction througll solid rocks. 

Hydrothermal systems are classified into two main types---vapor 
dominated and hot water---according to the phase controlling heat and - 

mass transfer in the deep thermal reservoir (White and others, 1971). 
Vapor-dominated systems have deep reservoirs controlled predominantly 
by steam, usually at temperatures~240~C. Their surface activity is 
characterized by fumaroles, acid-sulfate springs, and acid-leached 
ground with hot-spring chloride levels usually below 50 ppm. Such 
systems are attractive for electric power generation because they are 
generally clean and normally require little more than drilling into the 
steam reservoir for the development of power. However, vapor-dominated 
systems are relatively rare and occur only under unusual geological 
conditions. One example is the Geysers in northern California, which 
has been used for electrical power generation for several decades. No 
deep vapor-dominated systems have yet been conclusively identified in 
Alaska, although several sites in the Aleutians appear to have at least 
shallow vapor-dominated zones (this report). 

Hot-water systems are dominated by circulating liquid that transfers 
most of the heat and largely controls subsurface pressures, although 
moderate amounts of steam may also be present; surface activity is 
characterized by the presence of springs discharging thermal water with 
chloride levels above 50 ppm and with neutral to alkaline pH. Some 
hot-water systems boil at depth, and the escaping steam forms a shallow 
vapor-dominated zone and causes fumaroles and acid-sulfate springs, 
similar to the surficial features of deep vapor-dominated systems. Hot- 
water convection systems are divided into three temperature ranges (White 
and Williams, 1975): 

1) High-temperature systems: reservoir temperatures are above 150°C. 
Such systems can be used for a variety of applications, including 
the generation of electricity, space heating, and processing. At 
least five high-temperature systems have thus far been identified 
in the Aleutian arc (this report). 

) Intermediate-temperature systems: reservoir temperatures are 
between 90°C and 150'~. These systems can be used for space 
heating, some industrial processing purposes, and perhaps aqua- 
culture. Future technological advances may eventually make elec- 
trical generation from intermediate systems practical. At least 
28 intermediate-temperature systems have been identified in Alaska. 

3) Low-temperature systems: . reservoir temperatures lie below 90°c. 
Such systems can be used for space heating and perhaps agri- 
culture (e.g., greenhouses), but most likely only in locally 
favorable circulstances. Over 80 low-temperature systems have 
so far been identified in Alaska (Turner and others, 1980). 
Some of these may prove to have higher temperature reservoirs 
on closer examination. 



FIELD TECHNIQUES AND SNIPLING PROCEDURES 

A s t a n d a r d  p r o c e d u r e  o f  sample  and d a t a  a c q u i s i t i o n  was fo l lowed  
a t  e a c h  t h e r m a l  a r e a  v i s i t e d .  A t  s i t e s  h a v i n g  m u l t i p l e  s p r i n g s ,  w a t e r  
samples  were  n o r m a l l y  o b t a i n e d  from t h e  t h e r m a l  s p r i n g  w i t h  t h e  h i g h e s t  
t e m p e r a t u r e  and g r e a t e s t  d i s c h a r g e .  A t  some s i t e s  more t h a n  one  t h e r m a l  
s p r i n g  was sampled.  When c o l d  ground-water  s p r i n g s  were  found i n  t h e  
immediate  a r e a ,  samples  were  n o r m a l l y  t a k e n  f o r  s i l i c a  a n a l y s i s  f o r  
s u b s e q u e n t  s i l i c a  mix ing  models .  

Water samples  were  c o l l e c t e d ,  f i l t e r e d ,  and t r e a t e d  f o l l o w i n g  pro-  
c e d u r e s , d e s c r i b e d  i n  P r e s s e r  and Barnes  (1974) .  The samples  were  a lways  
o b t a i n e d  a t  t h e  s p r i n g  s o u r c e  o r  a s  c l o s e  t o  t h e  s o u r c e  a s  p o s s i b l e .  
F i l t r a t i o n  was u s u a l l y  t h r o u g h  a 0.45-micron f i l t e r .  Some s a m p l e s ,  
however,  were  f i l t e r e d  t h r o u g h  0.05- o r  0.1-micron f i l t e r  f o r  aluminum 
and i r o n  d e t e r m i n a t i o n s .  Thermal-water samples  o b t a i n e d  f o r  s i l i c a  
a n a l y s i s  were  n o r m a l l y  d i l u t e d  i n  a 1 : 1 0  r a t i o  w i t h  de - ion ized  d i s t i l l e d  
w a t e r  t o  p r e v e n t  p r e c i p i t a t i o n  and p o l y m e r i z a t i o n  o f  s i l i c a  as  t h e  sample  
c o o l e d .  H y d r o c h l v r i c  a c i d  was used f o r  t h o s e  samples  r e q u i r i n g  a c i d i f i -  
c a t i o n .  

, 1 
B i c a r b o n a t e  and pH were de te rmined  i n  t h e  f i e l d  u s i n g  methods ' 

d e s c r i b e d  by Barnes  ( 1964) .  F i e l d  pH v a l u e s  were de te rmined  t o  t h e  n e a r e s t  
0 .05  pH u n i t .  The pH m e t e r  was normal ly  c a l i b r a t e d  a g a i n s t  s t a n d a r d  b u f f e r  
s o l u t i o n s  b e f o r e  and a f t e r  each measurement.  Readings were normal ly  
r e p r o d u c i b l e  t o  + 0.05 pH u n i t s .  Waters  were t i t r a t e d  wi th  0.01639N 
s u l f u r i c  a c i d  f o r  b i c a r b o n a t e  d e t e ~ m i n a t i o n s .  

Water conduc tance  is r e p o r t e d  i n  micromhos per  c e n t i m e t e r  a t  2 5 " ~  wi th  
a  measurement a c c u r a c y  o f  + 3 p e r c e n t .  The m a n u f a c t u r e r ' s  c a l i b r a t i o n  of 
c o n d u c t i v i t y  c e l l s  was v e r T f i e d  a g a i n s t  s t a n d a r d  s o l u t i o n s  p r i o r  t o  
d e p a r t u r e  f o r  t h e  f i e l d .  

Water t e m p e r a t u r e s  and s h a l l o w  s o i l  t e m p e r a t u r e s  were measured wi th  
d i g i t a l  t h e r m i s t o r  the rmomete r s .  A l l  measurements a r e  r e p o r t e d  i n  d e g r e e s  
C e l s i u s .  The r e s o l u t i o n  and a c c u r a c y  of t h e  d i g i t a l  thermometer a r e  0 . 0 5 " ~  
and O . l O c ,  r e s p e c t i v e l y .  S p r i n g  t e m p e r a t u r e  measurements were u s u a l l y  made 
a t  o r  a s  c l o s e  t o  t h e  s p r i n g  o r i f i c e  a s  p o s s i b l e .  

Wherever p o s s i b l e ,  s p r i n g  d i s c h a r g e  was measured by us ing  a  pygmy f low 
m e t e r  and r e p o r t e d  i n  l i t e r s  per minute  ( l p m i .  A c c u r a c i e s  of t h e s e  
measurements were commonly impaired by s h a l l o w  c h a n n e l s ,  low w a t e r  
v e l o c i t i e s ,  and f r i c t i o n  i n  t h e  vane b e a r i n g s .  A t  some s p r i n g s  t h e  
d i s c h a r g e  was de te rmined  by t h e  t ime t o  f i l l  a  4 - l i t e r  b u c k e t .  When i t  i s  
no t  p o s s i b l e  t o  measure d i s c h a r g e  by e i t h e r  of t h e s e  two methods ,  a  v i s u a l  
e s t  imate  was made. 



A reconnaissance of site geology was normally made at each thermal 
area. This entailed examination and sampling of local bedrock, determination 
of local faults and fracture systems, and examination and sampling of hot- 
spring deposits, if any. 

LABORATORY ANALYSES: METHODS USED AND PRECISION 

Whenever possible, laboratory methods of determination used by DGGS 
were taken from the list of methods of choice for each chemical species as 
prescribed by Presser and Barnes (1974). Table 1 summarizes the methods 
used and presents the expected precision of laboratory analyses for 17 
constituents commonly found in water as determined by U.S. Geological 
Survey laboratories. Atomic-absorption analyses were run on a Perkin-Elmer 
model-603 spectrophotometer with air-acetylene and nitrous-oxide-acetylene 
flames under conditions listed in the manufacturer's procedure manual. 
Colorimetric determinations were made on a Hitachi 100-60 VIS-UV double- 
beam spectrophotometer with a matched set of four 10-rnm cells. An Orion 
model-701 digital pH meter and Orion specific ion and reference electrodes 
were used in the measurement F-. DGGS water-.analysis procedures conform to 
USGS established methods and quality assurance. 

Most of the precisions given in table 1 for the various methods of 
analysis are based on data obtained through multilaboratory analysis of 
test samples prepared by USGS laboratories (Skougstad and others, 1979). 
Where possible, precision is expressed in terms of a regression equation 
over a stated range. The precision, expressed in terms of the relative 
deviation (the ratio of the standard deviation to the mean times 100 percent) 
for various laboratory determinations, is given in.Appendix B. 

GEOTHERMOMETRY 

Chemical geothermometry has become an important tool for estimating 
reservoir temperatures of hydrothermal systems and has proved very useful 
in determining the geothermal resource potential of a specific region. 
Therefore, much of the DGGS assessment work is aimed at providing accurate 
geothermometry for the individual geothermal sites investigated. Summaries 
of the various geothermometers that have been applied to geothermal systems 
can be found in Fournier (1977) and Ellis and Mahon (1978). The geo- 
thermometers are based on temperatsure-dependent, water-rock reactions that 
control the chemical and isotopic compositions of the thermal waters. The 
most reliable and most frequently used quantitative geothermometers are 
related to the silica content and to the sodium, potassium, and calcium 
content of thermal waters. Recent application of sulfate-water, oxygen- 
isotope geothermometry to geothermal systems indicates this method may 
become a third important geothermometer, particularly for higher tempera- 
ture systems (IlcKenzie and Truesdell, 1977). 





T a b l e  1. Piethods and e x p e c t e d  p r e c i s i o n :  DGGS w a t e r - c h e m i s t r y  a n a l y s e s  ( c o n t . )  

Chemical Refe rence  D e s c r i p t i o n  o f  method P r e c i s i o n a  

C1 A ,  p.  589 Mohr t i t r a t i o n  w i t h  AgN03 sT = 0.034 x + 0 . 3 3  (mg/l)  
Range: 1 . 0  t o  210 mg/ l  

A , , P -  523,  D i r e c t  r e a d i n g  u s i n g  s p e c i f i c  i o n  e l e c -  APP. B  
E  t r o d e ,  Or ion  TISABII added.  (CDTA ad- 

j u s t o r  and b u f f e r )  

A,  p .  581  D i s s o l v e d ,  t i t i m e t r i c ,  h y p o c h l o r i t e  So = 0.0044 x 
o x i d a t i o n  

A ,  p.  595 Bromine o x i d a t i o n ,  t h e n  t i t r a t i o n  w i t h  So = 0.009 x 
0 . 0 1  N N a  t h i o s u l f a t e  Range: 1 . 0  t o  50 mg/l 

A ,  p .  311  C o l o r i m e t r i c ;  complexing w i t h  ca rmine  ST = 0.463 x + 20.2 ( u g / l )  
Range: 30 t o  550 u g / l  

I 
I-' 
I-' H2S B ,  P. 7  P r e s e r v a t i o n  w i t h  Zn a c e t a t e ,  t h e n  0 . 5  ppm d e t e c t i o n  l i m i t  

I t i t r a t i o n  w i t h  N a  t h i o s u l f a t e  i n  
p r e s e n c e  o f  i o d i n e  

A ,  p .  263 AA; d i r e c t  a s p i r a t i o n ,  1 , 0 0 0  ppm I: ST = 0.104 x + 15.4  
added,  N20 - a c e t y l e n e  f lame Range: 0 . 0 1  + 5  mg/l  

pH C - - + 0.05 pH u n i t s  - 

aX = C o n c e n t r a t i o n  i n  mg o r  u g / l .  Quoted p r e c i s i o n s  are  from Skougstad and o t h e r s  (1979) u n l e s s  
o t h e r w i s e  n o t e d .  

b~~ = Atomic-absorpt ion s p e c t r o m e t e r  

Refe rences :  

A. Skougstad and o t h e r s ,  1979. 
B .  P r e s s e r  and Barnes ,  1974.  
C .  Barnes ,  1964. 
D .  Rand and o t h e r s ,  1975. 

E. I n s t r u c t i o n  manuals f o r  Or ion  I o n a l y z e r  
S p e c i f i c  I o n  E l e c t r o d e s ,  1977,  by Orion 
Research I n c .  

F. Barnes ,  1975.  



Assumptions i n h e r e n t  i n  u s i n g  c o m p o s i t i o n s  o f  t h e r m a l  waters t o  e s t i -  
m a t e  s u b s u r f a c e  t e m p e r a t u r e s  have been summarized by F o u r n i e r  ( 1 9 7 7 ) :  

1. Temperature-dependent r e a c t i o n s  i n v o l v i n g  r o c k  and w a t e r  f i x  
t h e  amount o r  amounts o f  d i s s o l v e d  " i n d i c a t o r "  c o n s t i t u e n t s  i n  
t h e  w a t e r .  

2 .  There  i s  an  a d e q u a t e  s u p p l y  o f  a l l  t h e  r e a c t a n t s .  

3 .  There  i s  e q u i l i b r i u m  i n  t h e  r e s e r v o i r  o r  a q u i f e r  w i t h  r e s p e c t  t o  
t h e  s p e c i f i c  i n d i c a t o r  r e a c t i o n .  

4 .  No r e e q u i l i b r a t i o n  of t h e  " i n d i c a t o r "  c o n s t i t u e n t s  o c c u r s  a f t e r  
t h e  w a t e r  l e a v e s  t h e  r e s e r v o i r .  

5 .  E i t h e r  no mixing o f  d i f f e r e n t  w a t e r s  o c c u r s  d u r i n g  movement t o  
t h e  s u r f a c e  o r  e v a l u a t i o n  o f  t h e  r e s u l t s  of  s u c h  mixing i s  
p o s s i b l e .  

The a t t a i n m e n t  o f  e q u i l i b r i u m  i n  t h e  r e s e r v o i r  depends on  f a c t o r s  
such  as t h e  k i n e t i c s  o f  t h e  p a r t i c u l a r  r e a c t i o n ,  t h e  temperature .  o f  t h e  
r e s e r v o i r ,  t h e  r e a c t i v i t y  o f  t h e  w a l l r o c k ,  t h e  c o n c e n t r a t i o n s  o f  t h e  
i n d i c a t o r  e l e m e n t s  i n  t h e  w a t e r ,  and t h e  r e s i d e n c e  t ime  of  t h e  w a t e r  i n  
t h e  r e s e r v o i r  a t  t h e  p a r t i c u l a r  t e m p e r a t u r e .  Thus ,  i n  some s i t u a t i o n s ,  
e q u i l i b r i u m  i n  t h e  r e s e r v o i r  may b e  a t t a i n e d  f o r  some r e a c t i o n s  and n o t  
f o r  o t h e r s .  

Whether a  w a t e r  r e e q u i l i b r a t e s  a f t e r  l e a v i n g  a  r e s e r v o i r  d u r i n g  
f l o w  t o  t h e  s u r f a c e  depends  on s i m i l a r  f a c t o r s :  t h e  r a t e  o f  f l o w ,  t h e  
p a t h  of a s c e n t ,  t h e  t y p e  and r e a c t i v i t y  o f  w a l l r o c k  t r a v e r s e d ,  t h e  i n i t i a l  
t e m p e r a t u r e  o f  t h e  r e s e r v o i r  and t h e  k i n e t i c s  o f  t h e  v a r i o u s  r e a c t i o n s  
t h a t  may o c c u r .  D i f f e r e n t  r e a c t i o n s  may o c c u r  i n  a n  a s c e n d i n g  w a t e r  a t  
d i f f e r e n t  r a t e s .  T h e r e f o r e ,  t h e  a p p a r e n t  l a s t  t e m p e r a t u r e  o f  e q u i l i b r a -  
t i o n  may b e  d i f f e r e n t  f o r  d i f f e r e n t  c h e m i c a l  geothermometers .  

In t h i s  r e p o r t  t h e  s i l i c a  and c a t i o n  geothermometers  have n o r m a l l y  
been used f o r  e s t i m a t i n g  s u b s u r f a c e  t e m p e r a t u r e s .  I n  a few c a s e s  s u l f a t e -  
w a t e r  oxygen i s o t o p e  thermometers ,  o b t a i n e d  t h r o u g h  t h e  c o o p e r a t i o n  of 
N .  Nehr ing,  USGS (Menlo P a r k ,  C A ) ,  a r e  a l s o  a v a i l a b l e .  



S i l i c a  Geothermometry 

The s i l i c a  geothermometer i s  based  on t h e  e x p e r i m e n t a l l y  d e r i v e d  
r e l a t i o n s h i p  between s i l i c a  s o l u b i l i t y ,  t e m p e r a t u r e ,  and p r e s s u r e  
( F o u r n i e r  and Rowe, 1 9 6 6 ;  F o u r n i e r ,  1 9 7 3 ) .  D i s s o l v e d  s i l i c a  found i n  
t h e r m a l  w a t e r s  may be  s u p p l i e d  by t empera tu re -dependen t  r e a c t i o n s  between 
t h e  t h e r m a l  w a t e r  and q u a r t z ,  c h a l c e d o n y ,  amorphous s i l i c a ,  o r  c r i s t o b a -  
l i t e .  Curve a  o f  f i g u r e  2 shows t h e  s o l u b i l i t y  of q u a r t z  as a  f u n c t i o n  
o f  t e m p e r a t u r e  i n  e q u i l i b r i u m  w i t h  s a t u r a t e d  steam. Curve  b  shows t h e  
amount o f  s i l i c a  t h a t  would be l e f t  i n  t h e  r e s i d u a l  l i q u i d  a f t e r  maximum 
l o s s  o f  s t e a m  on a d i a b a t i c  c o o l i n g  t o  100°C and 1 b a r  p r e s s u r e .  S i m i l a r  
c u r v e s  c a n  b e  c o n s t r u c t e d  f o r  t h e  o t h e r  m i n e r a l o g i c  p h a s e s  of  s i l i c a .  

F i g u r e  2 .  S i l i c a  mixing model examples .  The g r a p h ,  which g i v e s  t h e  d i s -  
s o l v e d  s i l i c a  v s  e n t h a l p y ,  i s  used f o r  d e t e r m i n i n g  t h e  t e m p e r a t u r e  of  
warm s p r i n g  w a t e r  d e r i v e d  by mix ing  a ho t -wa te r  component w i t h  c o l d  w a t e r  
( f rom T u r e s d e l l  and F o u r n i e r ,  1 9 7 7 ) .  S o l u b i l i t y  of  q u a r t z  a s  a f u n c t i o n  
of  t e m p e r a t u r e  i s  a l s o  shown. Curve a  shows t h e  solubility i n  l i q u i d  
w a t e r  i n  e q u i l i b r i u m  w i t h  s a t u r a t e d  s t eam.  Curve b  shows t h e  amount of  
s i l i c a  t h a t  would b e  l e f t  i n  t h e  r e s i d u a l  l i q u i d  a f t e r  maximum l o s s  of  
s team on a d i a b a t i c  c o o l i n g  t o  l O O O C  and 1 b a r  p r e s s u r e  (from F o u r n i e r  and 
Rowe, 1 9 6 6 ) .  

F o u r n i e r  (1973) found t h a t  above 150°C, q u a r t z  c o n t r o l s  t h e  s i l i c a  
e q u i l i b r i u m  and t h a t  t h e  q u a r t z  geothermdmeter g e n e r a l l y  works b e s t  i n  
t h e  range  150°-225'~.  When i n i t i a l  t e m p e r a t u r e s  a r e  above 225OC, s i l i c a  
i s  l i k e l y  t o  p r e c i p i t a t e  on a s c e n t  t o  t h e  s u r f a c e  because  o f  r e l a t i v e l y  
f a s t  r a t e s  o f  r e a c t i o n  a t  h i g h e r  t e m p e r a t u r e s  and t h e  a t t a i n m e n t  o f  
s u p e r s a t u r a t i o n  w i t h  r e s p e c t  t o  amorphous s i l i c a  a s  t h e  s o l u t i o n  c o o l s .  



For  r e s e r v o i r s  below 1 5 0 ~ ~  F o u r n i e r  (1973) found t h a t  cha lcedony  and 
sometimes c r i s t o b a l i t e  o r  amorphous s i l i c a  r a t h e r  t h a n  q u a r t z  may c o n t r o l  
t h e  d i s s o l v e d  s i l i c a  c o n t e n t .  However, i n  g r a n i t i c  r o c k s  F o u r n i e r  
r e p o r t e d  t h a t  q u a r t z  may be t h e  c o n t r o l l i n g  m i n e r a l  down t o  t e m p e r a t u r e s  
a s  low as 90°C (Brook and o t h e r s ,  1 9 7 9 ) .  Thus ,  a m b i g u i t i e s  c a n  arise 
from t h e  a p p l i c a t i o n  o f  s i l i c a  geo thernomet ry  i n  t h e  t e m p e r a t u r e  r a n g e  
900-15OOC. 

F i g u r e  2  and similar c u r v e s  f o r  t h e  o t h e r  p h a s e s  of s i l i c a  c a n  be 
used t o  e s t i m a t e  r e s e r v o i r  t e m p e r a t u r e s .  I f  t h e  w a t e r  sample is  l i k e l y  
t o  have c o o l e d  m a i n l y  a d i a b a t i c a l l y ,  c u r v e  B ,  which c o r r e c t s  f o r  t h e  
maximum p o s s i b l e  s t eam l o s s ,  i s  used .  I f  t h e  sample coo led  main ly  by 
c o n d u c t i o n ,  c u r v e  A i s  used .  

The f o l l o w i n g  e m p i r i c a l  r e l a t i o n s h i p s  c a n  a l t e r n a t i v e l y  be used t o  
estimate r e s e r v o i r  t e m p e r a t u r e  i n  t h e  r a n g e  0°-250°c (where C i s  t h e  
c o n c e n t r a t i o n  o f  S i 0 2  i n  mg p e r  kg w a t e r ) .  

Amorphous s i l i c a  T, O C  = 7 3 1  - 273.15 
4 .52 - l o g  C 

4 -  B e t a - c r i s t o b a l i t e  T, O C  = 781 - 273.15 
4 . 5 1  - l o g  C 

Chalcedony 

Q u a r t z  c o n d u c t i v e  

T, OC = 1000 - 273.15 
4 .78  - l o g  C 

T ,  OC = 1032 - 273.15 
4.69 - l o g  C 

T, OC = 1039 - 273.15 
5 .19  - l o g  C 

Q u a r t z  a d i a b a t i c  ( a f t e r  s t eam l o s s )  T, O C  = 1522 - 273.15 
5 .75 - l o g  C 

Brook and  o t h e r s  (1979) have reviewed t h e  problems a s s o c i a t e d  w i t h  
. t e r p r e t i n g  h i g h  S i 0 2  l e v e l s  i n  h i g h l y  a l k a l i n e  s p r i n g  w a t e r s  (pH?8). 

a l k a l i n e  w a t e r s ,  hydrox ide  r e a c t s  w i t h  s i l i c i c  a c i d  t o  r e d u c e  t h e  
p r o p o r t i o n  o f  s i l i c i c  a c i d  t o  t o t a l  d i s s o l v e d  s i l i c a :  

D i s s o c i a t e d  
S i l i c i c  a c i d  Hydroxide s i l i c i c  a c i d  Water 

The t o t a l  d i s s o l v e d  s i l i c a  i n c r e a s e s  w i t h  i n c r e a s i n g  hydrox ide  concen- 
t r a t i o n .  The t o t a l  c o n c e n t r a t i o n  o f  d i s s o l v e d  s i l i c a  measured i n  t h e  - 
l a b o r a t o r y ,  however, i s  H4Si04 p l u s  H3Si04  and  must t h e r e f o r e  be  reduced 
by t h e  c o n c e n t r a t i o n  o f  H3Si04- t o  o b t a i n  a n  a c c u r a t e  e s t i m a t e  o f  t h e  



s u b s u r f a c e  r e s e r v o i r  t e m p e r a t u r e .  There  i s  c o n s i d e r a b l e  d i sagreement  
a b o u t  t h e  v a l u e  of t h e  f i r s t  d i s s o c i a t i o n  c o n s t a n t  of s i l i c i c  a c i d  a t  
t e m p e r a t u r e s  above 3 0 ' ~  (Seward, 1 9 7 4 ) .  The v a l u e s  used i n  t h i s  r e p o r t  
were  t a k e n  f rom Ryzhenko (1967) .  

Most geo thermal  r e s e r v o i r s  are l i k e l y  t o  be  below pH 7 . 5  because  
o f  b u f f e r i n g  of hydrogen i o n s  by s i l i c a t e  h y d r o l y s i s  r e a c t i o n s  ( F o u r n i e r ,  
p e r s .  comm.). pH v a l u e s  h i g h e r  t h a n  7 . 5  i n  n a t u r a l  h o t  s p r i n g  w a t e r s  
g e n e r a l l y  r e s u l t  from t h e  l o s s  o f  GO2 a f t e r  t h e  w a t e r  l e a v e s  t h e  h igh-  
t e m p e r a t u r e  r e s e r v o i r .  I n  t h i s  r e p o r t ,  i f  t h e r e  i s  o t h e r  s u p p o r t i n g  
e v i d e n c e  that a t h e r m a l  w a t e r  comes from a h i g h e r - t e m p e r a t u r e  env i ron-  
ment a t  d e p t h ,  a pH c o r r e c t i o n  h a s  n o t  been a p p l i e d  t o  t h e  observed  
s i l i c a  c o n c e n t r a t i o n .  

S i l i c a  Mixing l lode l s  

One o f  t h e  assumpt ions  i n h e r e n t  i n  u s i n g  geothermometry i s  t h a t  
the rmal  s p r i n g  w a t e r s  a r e  u n d i l u t e d .  However, t h e  w a t e r s  i s s u i n g  from 
many, i f  n o t  most ,  the rmal  s p r i n g s  p r o b a b l y  c o n s i s t  o f  m i x t u r e s  o f  deep 
hot w a t e r  and s h a l l o w  c o l d  w a t e r .  F o u r n i e r  and T r u e s d e l l  (1974) des -  
c r i b e d  two mixing models t h a t  may be a p p l i e d  t o  s p r i n g s  w i t h  l a r g e  r a t e s  
o f  f l o w  and t e m p e r a t u r e s  below b o i l i n g .  These models a r e  based on t h e  
r e l a t i o n s h i p  between t h e  e n t h a l p y  and s i l i c a  c o n t e n t  of t h e  a s c e n d i n g  
t h e r m a l  w a t e r ,  t h e  c o l d  ground w a t e r ,  and t h e  r e s u l t a n t  mixed t h e r m a l  
s p r i n g  w a t e r .  I n  t h e  f i r s t  model t h e  e n t h a l p y  of t h e  h o t  w a t e r  p l u s  
steam t h a t  mixes  w i t h  and h e a t s  t h e  c o l d  w a t e r  i s  t h e  same a s  t h e  i n i t i a l  
e n t h a l p y  o f  t h e  deep h o t  w a t e r .  I n  t h i s  model t h e  deep h o t  w a t e r  may 
b o i l  below mix ing ,  b u t  a l l  t h e  s t eam condenses  i n  t h e  c o l d  w a t e r .  I n  t h e  
second model t h e  e n t h a l p y  o f  t h e  h o t  w a t e r  i n  t h e  zone of mixing i s  l e s s  
t h a n  t h e  e n t h a l p y  of t h e  h o t  w a t e r  a t  d e p t h  because  of t:he e s c a p e  o f  s t eam 
d u r i n g  a s c e n t .  

B a r r e t t  and P e a r l  (1978) have summarized t h e  a d d i t i o n a l  a s s u m p t i o n s ,  
g i v e n  below,  which a r e  i m p l i c i t  i n  t h e  u s e  o f  t h e s e  mixing models:  

1. I n i t i a l  s i l i c a  c o n t e n t  i s  c o n t r o l l e d  by t h e  temperature-dependent  
r e a c t i o n s  between t h e  deep t h e r m a l  w a t e r  and t h e  v a r i o u s  s i l i c a  
p h a s e s .  

2 .  A d d i t i o n a l  s i l i c a  i s  n e i t h e r  d i s s o l v e d  n o r  d e p o s i t e d  a f t e r  mixing.  

3 .  The t e m p e r a t u r e  and s i l i c a  c o n t e n t  o f  c o l d  s p r i n g s  a r e  s i m i l a r  t o  
t h e  t e m p e r a t u r e  and s i l i c a  c o n t e n t  o f  t h e  ground w a t e r  t h a t  mixes 
w i t h  t h e  a s c e n d i n g  h o t  w a t e r .  

T r u e s d e l l  and F o u r n i e r  (1977) have d e v i s e d  a s i m p l e  p r o c e d u r e  f o r  
a p p l y i n g  t h e s e  models ;  by u s i n g  a  p l o t  o f  d i s s o l v e d  s i l i c a  v s  e n t h a l p y  
( E i g .  2 ) .  For t h e  s i t u a t i o n  i n  which no s team i s  l o s t  b e f o r e  mix ing ,  t h e  
s i l i c a  and h e a t  c o n t e n t s  ( e n t h a l p i e s )  o f  t h e  c o l d  and warm s p r i n g  waters 
a r e  p l o t t e d  as two p o i n t s ,  A and B.  A s t r a i g h t  l i n e  i s  drawn th rough  



t h e s e  p o i n t s  t o  i n t e r s e c t  t h e  q u a r t z  s o l u b i l i t y  c u r v e  ( n o t e  t h a t  below 
lOOoC t h e  t e m p e r a t u r e  i n  d e g r e e s  C e l s i u s  i s  n u m e r i c a l l y  e q u i v a l e n t  t o  
c a l / g ) .  P o i n t  C t h e n  g i v e s  t h e  o r i g i n a l  s i l i c a  c o n t e n t  and e n t h a l p y  of 
t h e  deep  h o t  w a t e r .  The o r i g i n a l  t e m p e r a t u r e  o f  t h e  hot-water  component 
i s  t h e n  o b t a i n e d  from s team t a b l e s  (Keenan and o t h e r s ,  1 9 6 9 ) .  The f r a c t i o n  
o f  h o t  w a t e r  i n  t h e  warm s p r i n g  i s  o b t a i n e d  by d i v i d i n g  t h e  d i s t a n c e  AB 
by AC. 

For  t h e  s i t u a t i o n  i n  which t h e  maximum amount of s t eam i s  l o s t  from 
t h e  h o t  water b e f o r e  mix ing ,  t h e  s i l i c a  and h e a t  c o n t e n t s  o f  t h e  c o l d  and 
warm s p r i n g  w a t e r s  a r e  p l o t t e d  as two p o i n t s ,  A and D ,  i n  f i g u r e  2 .  A 
s t r a i g h t  l i n e  i s  drawn t h r o u g h  t h e s e  p o i n t s  and ex tended  t o  t h e  e n t h a l p y  
o f  t h e  r e s i d u a l  l i q u i d  w a t e r  a t  t h e  assumed t e m p e r a t u r e  o f  s e p a r a t i o n  and 
e s c a p e  o f  steam, t a k e n  h e r e  t o  b e  100°c.  I n  t h i s  c a s e  t h e  r e s i d u a l  l i q u i d  
w a t e r  b e f o r e  mixing w i l l  have  a n  e n t h a l p y  o f  100  c a l / g ,  p o i n t  E o f  f i g u r e  2 .  
The o r i g i n a l  e n t h a l p y  o f  t h e  hot-water  component i s  o b t a i n e d  by moving 
h o r i z o n t a l l y  a c r o s s  t h e  d iagram from p o i n t  E t o  t h e  maximum s team l o s s  c u r v e ,  
p o i n t  F. The o r i g i n a l  s i l i c a  c o n t e n t  o f  t h e  ho t -wate r  component i s  g i v e n  
by p o i n t  G.  The f r a c t i o n  o f  h o t  water ( a f t e r  s t eam l o s s )  i n  t h e  warm s p r i n g  
i s  o b t a i n e d  by d i v i d i n g  t h e  d i s t a n c e  AD by A E .  I f  s team i s  assumed t o  
e s c a p e  from w a t e r  a t  a  t e m p e r a t u r e  above 100°C, t h e  o r i g i n a l  e n t h a l p y  of t h e  
h o t  w a t e r  w i l l  l i e  a t  a v a l u e  a l o n g  a  h o r i z o n t a l  l i n e  between t h e  maximum 
s team- loss  c u r v e  and t h e  q u a r t z  s o l u b i l i t y  c u r v e  (no s team l o s s ) .  

Brook and o t h e r s  (1979) have p o i n t e d  o u t  t h a t  t h e  problem w i t h  any 
unexplored hydro thermal  sys tem i s  i n  p r o v i n g  t h a t  t h e  w a t e r  i s s u i n g  a t  
t h e  s u r f a c e  i s  indeed  mixed. One proof  would be a  l i n e a r  t r e n d  between 
measured s p r i n g  t e m p e r a t u r e s  and c h l o r i d e  c o n c e n t r a t i o n  ( F o u r n i e r ,  1979) .  
Normal groundwater  u s u a l l y  h a s  low c h l o r i d e  c o n c e n t r a t i o n s ,  whereas  
t h e r m a l  w a t e r s  from h igh- tempera tu re  sys tems  u s u a l l y  c o n t a i n  a b o u t  s e v e r a l  
hundred m i l l i g r a m s  p e r  l i t e r  o f  c h l o r i d e .  A l i n e a r  t r e n d  between t h e  
i s o t o p i c  compos i t ion  o f  t h e  water ( d e u t e r i u m  o r  oxygen-18) and d i s s o l v e d  
c h l o r i d e  i s  a n o t h e r  proof  of t h e  mixing (Mariner  and W i l l e y ,  1 9 7 6 ) .  
U n f o r t u n a t e l y ,  v e r y  few a r e a s  have s u f f i c i e n t  s p r i n g s  o f  d i f f e r e n t  chemi- 
c a l  and i s o t o p i c  c o m p o s i t i o n  t o  p r o v e  mixing by such  r i g o r o u s  c r i t e r i a .  

C a t i o n  Geothermometers 

The Na-K geothermometer used i n  t h i s  r e p o r t  i s  based on t h e  e m p i r i -  
c a l l y  d e r i v e d  r e l a t i o n s h i p :  

where N a  and K a r e  c o n c e n t r a t i o n s  o f  d i s s o l v e d  sodium and p o t a s s i u m  i n  
mg/kg. F o u r n i e r  (1980) h a s  summarized t h e  b a s i s  f o r  t h i s  thermometer 
and made recommendations f o r  i t s  u s e .  I n  g e n e r a l  t h e  Na-K method f a i l s  



to give reliable results for waters from environments with temperatures 
below 1000C. In particular, low-temperature waters rich in calcium 
give anomalous results by the Na-K method. Accuracy of the thermometer 
increases over the range 125OC to 200°C. 

Where waters are known to come from high-temperature environments 
(180°C to 200°c), the Na-K method generally gives excellent results. The 
main advantage of the Na-K geothermometer is that it is less affected by 
dilution and steam separation than other commonly used geothermometers, 
provided there is little ~ a +  and in the diluting water compared to the 
reservoir water. 

The Na-K-Ca geothermometer is based on an empirical relationship 
between the concentrations of sodium, potassium, and calcium ions and 
water temperature. Fournier and Truesdell (1973) have presented a 
detailed account of the geochemical theory involved in the Na-K-Ca 
geothermometer which was specifically developed to deal with calcium- 
rich waters that gave anomalously high calculated temperatures by the 
Na-K method. Temperature is related to water composition by the 
following empirically derived equation: 

T, OC = 1647 - 273.15 
log (~a/k) + B [log ( Ca/Na) f 2.061 + 2.47 

where : 

Na, K, Ca = ionic concentration in mg/kg of the sodium, potassium, 
and calcium ions in the hot water. 

T, OC = estimated subsurface temperature in degrees Celsius. 

B = 1/3 for T >lOO°C. 

B = 4/3 for T <1000C. 

The equation is first tested to see if setting B equal to 4/3 
yields a temperature below 100°C; if it does not, a value of 113 is 
used for B to estimate the equilibrium temperature. 

Barret and Pearl (1978) have summarized the assumptions for the 
use of the Na-K-Ca geothermometer: 

1) No mixing occurs between the ascending thermal water and 
shallow ground water. 

Mixing between the hot thermal water and shallow, diluted, 
ground water will have little effect on the sodium-potassium 
ratio but may affect the calculated calcium-sodium ratio because 
of the square-root-of calcium term. If the original calcium content 



of the undiluted thermal water is low, mixing will have little effect 
on the geothermometer results. But if that content is high ((50 to 
100 mg/l), mixing with dilute ground water will cause the subsurface 
temperature estimate to be too low. 

2) Sodium, potassium, and calcium concentrations in the thermal 
water are controlled by temperature-dependent equilibria with 
sodic plagioclase, potassium feldspar, and calcium-bearing 
carbonate minerals. 

The sodium, potassium, and calcium ratios are strongly affected 
by the bedrock mineral suite. Depending on which mineral suite 
controls the water composition, a wide range in temperature estimates 
is possible. At similar water temperatures, the sodium-potassium- 
calcium ratios are widely variable in solutions equilibrated with 
potassium feldspar and albite, muscovite and albite, alkali-bearing 
carbonates, or other mineral suites. 

For example, waters equilibrated with mineral suites con- 
taining potassium feldspar but no albite (sodium-deficient mineral 
suites) will provide excessive subsurface temperature estimates. 
On the other hand, waters equilibrated with mineral suites contain- 
ing albite but no potassium feldspar (potassium-deficient mineral 
suites) yield temperature estimates that are too low. Waters in 
equilibrium with alkali-bearing carbonates (evaporite sequences) 
generally yield excessive temperature estimates. However, equili- 
bration with zeolites may yield minimum temperature estimates. 

3) Little or no reequilibration occurs during ascent. 

Changes in the sodium-potassium-calcium ratios in thermal 
waters may be great or negligible, depending on the rate of ascent 
and the relative reactivity of the rocks and minerals along the 
flow path. Low-calcium thermal waters generally yield low sub- 
surface temperature estimates because of continued reactions between 
water and wall.rock during ascent (increased aqueous calcium-ion con- 
centration). High calcium-content waters, however, may yield 
excessive geothermometer temperature estimates because of calcium- 
carbonate deposition (decreased aqueous calcium ion concentration) 
during ascent. 

Fournier and Potter (1978) reported that the high concentration 
of magnesium or the large magnesium-to-calcium ratios in some waters 
was interfering with the Na-K-Ca geothermometers. A modification 
to the Na-K-Ca geothermometer used in this assessment was recently 
devised by Fournier and Potter to correct for these adverse effects 
of magnesium. Graphs or empirical formulas are used to determine 
temperature corrections when waters have Na-K-Ca calculated tempera- 
tures above 70°C and values of R less than 50, where R = Plb/(Mg + Ca + K) 



x 100 in molar equivalents. Waters with values of R greater than 50 
are thought to come from relatively cool aquifers about equal to the 
measured spring temperature, regardless of r,luch higher calculated 
Na-K-Ca temperatures. 

Sulfate-water Oxygen Isotope Geottiermometer 

The sulfate geothermometer has recently fourtd wide acceptance as 
a reliable indicator of deep geothermal reservoir temperatures (Muffler, 
1979; Nehring and others, 1980). A summary of previous work leading to 
the development of this thermometer and detailed explanation of its 
application can be found in McKenzie and Truesdell (1977). 

The sulfate geothermometer is based on the a.ssumption that the 
oxygen isotopes in a water and its dissolved sulfate have equilibrated 
in the geothermal reservoir. The equation for the equilibrium fractiona- 
tion between dissolved sulfate and water used by McKenzie and Truesdell 
(1977) is: 

1000 + 6180 (SO4) 
where CY - - 

and T is in OK. Oxygen isotope values are relative to standard mean 
ocean water (.SMOW) as defined by Craig (1963). 

The method of cooling th t the water undergoes as it ascends to 
18 the surface can affect the 6 0 in the water. Three end-member cases 

have been discussed by McKenzie and Truesdell (1977) and summarized in 
Nehring and others (1980). T1 is calculated assuming conductive cooling 
with no steam loss and, therefore, no change in the 6180 of the water. 
T1 is the best temperature estimate when the spring or well is substan- 
tially below boiling and in well samples collected with a downhole samp- 
ler. T2 is calculated assuming adiabatic cooling where the steam stays 
in contact with and in isotopic equilibrium with ,the water until the 
mixture reaches the surface, where steam loss occurs. T2 is the best 
temperature estimate for isolated springs of near-boiling temperature 
and well samples with two-phase flow. T3 is an extreme case of con- 
tinuous steam loss by the water from the time it leaves the reservoir 
until it reaches the surface. This case is most applicable to hot springs 
associated with fumaroles or steaming ground. 

The validity of temperatures determined by sulfate geothermometry 
is adversely affected by mixing of different waters unless corrections 
are made for changes in isotopic composition of both the sulfate and 



water that result from that mixing. A suite of samples may be necessary 
to correct for dilution by ground water; such corrections were not made 
in this report. 

The formation of sulfate by oxidation of H2S at low temperatures 
can also affect the sulfate-oxygen isotope geothermometer. A small 
amount of low-temperature sulfate can cause a large error in the geo- 
thermometer result. Near-surface sulfate can be minimized by selecting 
the spring with the lowest S04:cl ratio in a group whenever possible. 
Furthermore, if the S04:HzS ratio is less than 25, the sample should 
be preserved either by adding Zn, Cd, or other heavy metal to precipi- 
tate the H2S (Nehring and others, 1980). Near-surface sulfate can form 
from the oxidation of H2S to H2SO4 by sulfur-oxidizing bacteria. A 
small amount of formaldehyde to kill the bacteria was added to each 
water sample collected for sulfate-oxygen isotope analysis by DGGS. 

Accuracy of Geothermometry 

The accuracy of the geothermometers depends on the accuracy of 
the laboratory analyses for the various constituents used in the geo- 
thermometers. The following example illustrated the possible variations 
in subsurface temperature estimates resulting from normal laboratory 
analytical error. The 95 percent confidence limits (two times the stan- 
dard deviation) can be determined from table 1 and Appendix B. With data 
from Bell Island Hot Springs (Motyka and others, 1980), the variations in 
constituents used in the silica and cation geothermometers are: 

Constituent Variation 

Applying these ranges of values to the silica and the Na-K-Ca 
geothermometers gives the following results: 

Silica geothermometer 

Concentration (mg/ 1) 
Adiabatic 
Conductive 
Chalcedony 
Cristobalite 
Opal 

Temperature (OC) 

Low - Reported High 



C a t i o n  geo thermometer Temperature  (OC) 

Low - Repor ted  High 

The low and h i g h  t e m p e r a t u r e  r a n g e s  g i v e n  aElove f o r  t h e  c a t i o n  geo- 
the rmomete r s  a r e  based  on u s i n g  t h e  r e s p e c t i v e  minimum and maximum v a l u e s  
i n  t h e  95-percen t  r a n g e  f o r  Na and C a ,  and t h e  ma.ximum and minimum 
v a l u e s ,  r e s p e c t i v e l y ,  i n  t h e  95-percen t  c o n f i d e n c e  r a n g e  f o r  K .  These  
c h o i c e s  g i v e  t h e  w i d e s t  p o s s i b l e  s p r e a d  i n  t e m p e r a t u r e  e s t i m a t e s .  

FORTIAT FOR DESCRIPTION OF INDIVIDUAL-THERTUL SPRING SITES 

The l o c a t i o n s  of t h e r m a l  s p r i n g  a r e a s  v i s i t e d  by DGGS i n  t h e  A l e u t i a n  
a r c  i n  1980 a r e  shown i n  f i g u r e  1 and on t h e  g e n e r a l i z e d  g e o l o g i c  maps of  
t h e  r e g i o n  i n  f i g u r e s  3 and 4 .  A summary o f  t h e r m a l - s p r i n g  w a t e r  geo- 
c h e m i s t r y  is g i v e n  i n  Appendix C .  Lack of t i m e  and o t h e r  f a c t o r s  p r e v e n t e d  
i n v e s t i g a t i o n  o f  s e v e r a l  of  t h e  more remote  t h e r m a l - s p r i n g  s i t e s .  The 
e x i s t e n c e  o f  s e v e r a l  o t h e r  t h e r m a l  s p r i n g - s i t e s  t h a t  had p r e v i o u s l y  been 
r e p o r t e d  c o u l d  n o t  b e  s u b s t a n t i a t e d .  O t h e r  s i t e s  r e p o r t e d  a c t i v e  i n  t h e  
p a s t  were found t o  be i n a c t i v e .  

I n  t h i s  r e p o r t ,  a g e n e r a l  d e s c r i p t i o n  o f  t h e  l a r g e r  A l e u t i a n  I s i a n d s  
i s  g i v e n ,  f o l l o w e d  by a  d i s c u s s i o n  o f  t h e  i n d i v i d u a l  t h e r m a l  a r e a s  occur -  
r i n g  on t h e  p a r t i c u l a r  i s l a n d ,  a s l i g h t  d e p a r t u r e  i n  fo rmat  from a  p re -  
v i o u s  open-fi:Le r e p o r t  (Motyka and o t h e r s ,  1 9 8 0 ) .  The i n d i v i d u a l  t h e r m a l  
a r e a s  a r e  d e s c r i b e d  i n  g e o g r a p h i c a l  o r d e r  e a s t w a r d  from Atka I s l a n d  t o  
Becherof Lake.  The f o l l o w i n g  form i s  used i n  d i s c u s s i n g  e a c h  t h e r m a l  
s p r i n g  s i t e  i n v e s t i g a t e d :  

1. L o c a t i o n :  ( i n c l u d e s  l a t i t u d e  and l o n g i t u d e  t o  t h e  n e a r e s t  t e n t h  
o f  a minu te ;  t h e  t o p o g r a p h i c  q u a d r a n g l e  map and township ,  r a n g e ,  
s e c t i o n ,  and o n e - q u a r t e r  s e c t i o n  i n  which t h e  s i t e  i s  l o c a t e d )  

2 ,  Genera l  d e s c r i p t i o n :  ( i n c l u d e s  d i s t a n c e  and d i r e c t i o n s  t o  t h e  
a r e a  f rom t h e  n e a r e s t  town o r  o t h e r  prominent  g e o g r a p h i c  f e a t u r e ;  
t y p e  o f  s u r f a c e  a c t i v i t y ;  l o c a t i o n  and number of s p r i n g s ;  a r e a  
o f  s u r f a c e  a c t i v i t y ;  l o c a t i o n  and number o f  s p r i n g s ;  a r e a  o f  
s u r f a c e  e x p r e s s i o n ;  l o c a l  d r a i n a g e ;  topography and t e r r a i n ;  vege- 
t a t i o n ;  t y p e  o f  development i f  a n y ;  and l a n d  ' s t a t u s )  

3 .  Geology: ( i n c l u d e s  d i s c u s s i o n  of t h e r m a l - s p r i n g  h o s t  r o c k ;  l o c a l  
r o c k  t y p e s  and c o n t a c t s ;  and l o c a l  and r e g i o n a l  f a u l t s ,  f r a c t u r e s ,  
and p h o t o  i n t e r p r e t a t i o n  o f  l i n e a m e n t s .  A g e o l o g i c  map of  t h e  
a r e a  i s  normal ly  p r o v i d e d ;  t h e s e  maps a r e  u s u a l l y  a d a p t e d  from 
p r e v i o u s l y  p u b l i s h e d  g e o l o g i c  maps o f  t h e  a r e a ,  modi f i ed  by any  
f i n d i n g s  o b t a i n e d  d u r i n g  DGGS r e c o n n a i s s a n c e  of  t h e  a r e a ) .  
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4 .  S p r i n g  o r  the rmal -ven t  c h a r a c t e r i s t i c s :  ( i n c l u d e s  t e m p e r a t u r e  
measurements ;  a s s o c i a t e d  d e p o s i t s ;  g a s e s ;  unusua l  c h a r a c t e r i s t i c s ;  
w a t e r  c h e m i s t r y ;  w a t e r  t y p e ;  o t h e r  p h y s i c a l  p r o p e r t i e s ;  and com- 
p a r i s o n s  w i t h  e a r l i e r  s t u d i e s ) .  

5 .  R e s e r v o i r  p r o p e r t i e s :  ( i n c l u d e s  d i s c u s s i o n  o f  geothermo- 
met ry ;  mixing models where a p p l i c a b l e ;  and e s t i m a t e s  of r e s -  
e r v o i r  t e m p e r a t u r e ,  volume, and t h e r m a l  energy  c o n t e n t ) .  

The t e c h n i q u e s  d e s c r i b e d  by t h e  USGS f o r  e s t i m a t i n g  r e s e r -  
v o i r  p r o p e r t i e s  have been a d o p t e d  i n  t h i s  r e p o r t  (.Brook and 
o t h e r s ,  1979;  M a r i n e r  and o t h e r s ,  1978;  Nathenson, 1 9 7 8 ) .  
A judgment i s  made a s  t o  t h e  minimum, maximum, and most l i k e l y  
s u b s u r f a c e  t e m p e r a t u r e  based  on geology and geothermometry ,  
and on g e o p h y s i c s  and downhole measurements where a v a i l a b l e .  
(Subsur face  t e m p e r a t u r e s  d e r i v e d  f rom s i l i ca  mixing models  
a r e  n o t  used i n  e s t i m a t i n g  r e s e r v o i r  t e m p e r a t u r e s  i n  t h i s  
r e p o r t  u n l e s s  c o r r a b o r a t i v e  e v i d e n c e  f o r  mixing e x i s t s  e . g . ,  
c h l o r i d e - e n t h a l p y  a n a l y s e s  o r  water-oxygen i s o t o p e  a n a l y s e s . )  

E s t i m a t e s  o f  r e s e r v o i r  volume a r e  made from a v a i l a b l e  g e o l o g i c ,  
g e o p h y s i c a l ,  and bore -ho le  d a t a .  Few t h e r m a l  s i t e s  i n  Alaska ,  
however,  have had even  c u r s o r y  g e o p h y s i c a l  e x p l o r a t i o n  and 
o n l y  two s i t e s ,  P i l g r i m  S p r i n g s  (Turner  and o t h e r s ,  1980) and 
Summer Bay on Unalaska I s l a n d  (DGGS, unpub. d a t a ) ,  have 
e x p l o r a t o r y  w e l l s .  

6 .  Comments: ( s p e c u l a t e s  on t h e  c a u s e  o f  t h e  the rmal  s p r i n g s ;  
t h e  p o t e n t i a l  u s e f u l n e s s  o f  t h e  geo thermal  r e s o u r c e ;  u n u s u a l  
c h a r a c t e r i s t i c s ;  and o t h e r  m i s c e l l a n e o u s  i t e m s )  

7 .  T a b l e s :  

a )  ( p h y s i c a l  p r o p e r t i e s  and chemica l  c o m p o s i t i o n  o f  t h e r m a l  
w a t e r s ,  i n c l u d i n g  sample s o u r c e ,  c o l l e c t i o n  d a t e ,  major-  
e lement  c h e m i c a l  c o m p o s i t i o n ,  d i s c h a r g e  r a t e  o f  s p r i n g  sample ,  
' t e m p e r a t u r e ,  e t c  .) 

b) geothermometry ,  i n c l u d i n g  a l l  c a t i o n ,  a l l  s i l i c a ,  and mixing 
models where a p p l i c a b l e .  

8 .  F i g u r e s :  

a )  g e o l o g i c  map g e n e r a l i z e d  from a v a i l a b l e  l i t e r a t u r e .  

b) s k e t c h  o f  s i t e .  



NORTHEAST ATKA ISLAND 

Background 

Atka I s l a n d  i s  l o c a t e d  i n  t h e  Andreanof group of t h e  c e n t r a l  
A l e u t i a n  c h a i n ,  a t  a p p r o x i m a t e l y  52'15' l a t i t u d e  and 174O15' l o n g i -  
t u d e  ( f i g .  1 and 3 ) .  Tntense  P l e i s t o c e n e  g l a c i a t i o n s  have rendered  a  spec-  
t a c u l a r  and rugged l a n d s c a p e :  broad g l a c i a l  v a l l e y s ,  numerous c i r q u e s ,  
hang ing  v a l l e y s ,  g l a c i a l  l a k e s ,  and s e v e r a l  deep f j o r d  l i k e  embay- 
ments  on b o t h  t h e  Ber ing  and P a c i f i c  c o a s t l i n e s .  Sea m a m m a l s ,  p a r t i c u -  
l a r l y  s e a  o t t e r s ,  abound i n  t h e  p r o t e c t e d  i n l e t s  o f  t h e  i s l a n d .  The 
g l a c i a l  topography h a s  been c a r v e d  i n t o  t h e  T e r t i a r y  and Qua te rnary  
( b a s a l t i c  and a n d e s i t i c )  v o l c a n i c  r o c k s  t h a t  c o n s t i t u t e  t h e  100-km-long 
s o u t h w e s t - t r e n d i n g  i s l a n d .  Lush and v e r d a n t  t u n d r a  v e g e t a t i o n  b l a n k e t s  
t h e  lower  e l e v a t i o n s  o v e r  most of t h e  i s l a n d .  

q u a t e r n a r y  vo lcan i sm h a s  been c o n c e n t r a t e d  e x c l u s i v e l y  i n  t h e  n o r t h -  
east p a r t  of t h e  i s l a n d  p r i n c i p a l l y  a t  two major  s t r a t o v o l c a n o e s ,  flount 
Kl iuchef  (1 ,460 m) and Korovin Volcano (1 ,530 m) t h e  l a t t e r  o f  which i s  
s t i l l  v e r y  a c t i v e  ( f i g .  5 ) .  N o r t h e a s t  Atka i s  s e p a r a t e d  from t h e  r e s t  o f  t h e  
i s l a n d  by a  narrow lowland l y i n g  between Korovin Bay and Nazan Bay. 
N o r t h e a s t  Atka i s  roughly  c i r c u l a r ,  w i t h  a  d i a m e t e r  of abou t  20 km. 
U n l i k e  t h e  r e s t  of t h e  i s l a n d ,  t h e r e  a r e  r e l a t i v e l y  few embayments i n  
n o r t h e a s t  Atka ,  p r o b a b l y  a s  a  r e s u l t  of l a t e  Qua te rnary  vo lcan i sm.  A l l  
t h e  known a c t i v e  the rmal  a r e a s  and h o t - s p r i n g s  s i t e s  on  t h e  i s l a n d  o c c u r  
i n  t h e  n o r t h e a s t  p a r t .  

The n a t i v e  v i l l a g e  o f  Atka ,  t h e  o n l y  s e t t l e m e n t  on t h e  i s l a n d ,  i s  
l o c a t e d  on t h e  sou thwes t  s h o r e  o f  Nazan Bay n e a r  a deep ,  p r o t e c t e d  
anchorage .  Atka s e r v e d  a s  a  s t a g i n g  a r e a  and a s m a l l  m i l i t a r y  base  
d u r i n g  World War 11. The o l d  m i l i t a r y  a i r s t r i p  and b o a t  dock a r e  pre-  
s e n t l y  i n  d i s r e p a i r ,  b u t  t h e  v i l l a g e  c o r p o r a t i o n  i s  s e e k i n g  f u n d s  t o  
r e n o v a t e  b o t h  f a c i l i t i e s .  An o l d  m i l i t a r y  j e e p  road c o n n e c t s  t h e  v i l l a g e  
o f  Atka t o  Korovin Bay, where a  summer f i s h i n g  camp i s  m a i n t a i n e d .  

The v i l l a g e  h a s  a  p o p u l a t i o n  of 120  peop le  and i s  t h e  western-most 
A l e u t  s e t t l e m e n t  i n  t h e  A l e u t i a n s .  Atka i s  p r e s e n t l y  based on a  sub- 
s i s t e n c e  economy, b u t  t h e  v i l l a g e  c o u n c i l  h a s  e x p r e s s e d  a  s t r o n g  d e s i r e  
t o  deve lop  a n  energy  b a s e  t o  a t t r a c t  f i s h i n g  i n d u s t r i e s  t o  t h e  a r e a .  
Power i s  p r e s e n t l y  s u p p l i e d  by d i e s e l  g e n e r a t o r s .  

The v i l l a g e  i s  remote  and n o t  e a s i l y  a c c e s s i b l e .  Biweekly amphibious  
a i r  s e r v i c e  i s  main ta ined  between Atka and Adak I s l a n d ,  a  U.S. Naval b a s e .  
Adak can  be  reached  from Anchorage by commercial  a i r l i n e s .  Most of t h e  
v i l l a g e ' s  s u p p l i e s  a r e  b rought  i n  by b a r g e  i n  t h e  s p r i n g ;  s m a l l e r  sh ipments  
and m a i l  a r e  f lown i n  from Adak. I f  t h e  a i r s t r i p  i s  r e n o v a t e d ,  schedu led  
commercial  a i r  s e r v i c e  t o  Atka shou ld  improve.  Lands on n o r t h e a s t  Atka 
have been s e l e c t e d  by t h e  Atka N a t i v e  V i l l a g e  C o r p o r a t i o n  under  terms of 
t h e  Alaska Nat ive  C l a i m s  S e t t l e m e n t  Ac t .  
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N o r t h e a s t  Atka I s l a n d  c o n s i s t s  o f  a t h i c k  sequence of l a t e  T e r t i a r y  
and Q u a t e r n a r y  e f f u s i v e  f l o w s ,  t u f f s ,  b r e c c i a s ,  and a s s o c i a t e d  sed imenta ry  
r o c k s .  The assemblage r e c o r d s  a n  e x t e n s i v e  and on-going p e r i o d  o f  c a l c -  
a l k a l i n e  vo lcan i sm t h a t  i s  c o e v a l  w i t h  v o l c a n i c  a c t i v i t y  around much of 
t h e  A l e u t i a n  Range. T h i s  vo lcan i sm i s  a s s o c i a t e d  w i t h  t h e  s u b d u c t i o n  o f  
t h e  P a c i f i c  l i t h o s p h e r i c  p l a t e  under  t h e  margin  of t h e  North American p l a t e  
a l o n g  t h e  A l e u t i a n  Trench.  

The geo logy  and v o l c a n i c  h i s t o r y  o f  n o r t h e a s t  Atka h a s  been under  
i n v e s t i g a t i o n  by B .  Marsh a t  Johns  Hopkins U n i v e r s i t y ,  and t h e  g e o l o g i c  
d i s c u s s i o n  t h a t  f o l l o w s  i s  based on p e r s o n a l  communication w i t h  him. A 
p r e l i m i n a r y  g e n e r a l i z e d  g e o l o g i c  map based on Marsh ' s  work i s  g i v e n  i n  
f i g .  5 .  According t o  Marsh ( p e r s .  cornm.) t h e  o l d e s t  e p i s o d e  of vo lcan i sm 
found i n  t h e  r e g i o n  i s  r e p r e s e n t e d  by t h e  Old Harbor v o l c a n i c  s e r i e s ,  
which c r o p s  o u t  a round  Korovin Bay and c o n s i s t s  o f  b a s a l t i c - a n d e s i t i c  t o  
d a c i t i c  l a v a  f l o w s ,  p y r o c l a s t i c  f l o w s ,  and l a h a r s .  These v o l c a n i c s  a r e  
t h o u g h t  t o  b e  d e r i v e d  from a  l a r g e  s h i e l d  vo lcano  l o c a t e d  i n  what i s  now 
Korovin Bay. On t h e  b a s i s  o f  a p r e l i m i n a r y  K-Ar a g e  d a t e  on a  v o l c a n i c  
p l u g ,  t h e  Old Harbor s e r i e s  i s  6 .6  m.y. o l d .  

A second e p i s o d e  of vo lcan i sm began a b o u t  1 . 5  t o  2 . 0  m.y. ago w i t h  
a c t i v i t y  n e a r  what i s  now t h e  c e n t e r  of t h e  exposed v o l c a n i c  f i e l d .  Atka 
Volcano, a  l a r g e  a n c e s t r a l  s t r a t o c o n e ,  developed w i t h  a s e r i e s  o f  a t  l e a s t  
s i x  s u b s i d i a r y  o r  s a t e l l i t e  v e n t s  on i t s  o u t e r  f l a n k s .  Nearly e v e r y  f l o w  
from t h e  o l d e r  Atka v o l c a n i c  complex was found t o  be a n  a n d e s i t i c  b a s a l t  
w i t h  a s i l i c a  c o n t e n t  o f  a b o u t  50 p e r c e n t  by weight  (Marsh, p e r s .  comm.). 
A 750-m-thick d a c i t i c  f low (Big P i n k ,  f i g .  5 )  i s  a s s o c i a t e d  w i t h  t h e  
f o r m a t i o n  o f  a 5-km-dia. c a l d e r a  a t  Atka Volcano. A h y d r a t i o n  d a t e  on 
t h e  d a c i t e  s u g g e s t s  c a l d e r a  f o r m a t i o n  o c c u r r e d  300,000 t o  500,000 y e a r s  
a g o .  

Mount Kl iuchef  developed on t h e  wes t  r i m  o f  t h e  c a l d e r a  and was 
a c t i v e  i n  Holocene t i m e .  Korovin Volcano,  5 km n o r t h  o f  Mount K l i u c h e f ,  
shows l i t t l e  s i g n  o f  g l a c i a l  e r o s i o n  and p r o b a b l y  w a s  formed a f t e r  P l e i s t o -  
c e n e  t i m e .  A e r i a l  pho tos  t a k e n  J u l y  21 ,  1951  show Korovin capped w i t h  a 
2.5-km-dia. e x p l o s i o n  c r a t e r  t h a t  i s  o v e r  1000 m deep.  Korovin Volcano 
h a s  been a c t i v e  i n  h i s t o r i c  t i m e s ,  w i t h  r e p o r t s  o f  e r u p t i o n s  o c c u r r i n g  
i n  1951,  1974 ,  and  1976.  I n  1977 Marsh found a r e c e n t  mudflow a t  t h e  b a s e  
of Korovin t h a t  w a s  p r o b a b l y  r e l a t e d  t o  t h e  1974 e r u p t i o n .  He a l s o  n o t e d  
changes  i n  summit morphology. 

Mount S a r i c h e f  (8.25 m), a d i s s e c t e d  s u b s i d i a r y  vo lcano  l o c a t e d  5 km 
s o u t h - s o u t h e a s t  o f  Mount K l i u c h e f ,  was r e p o r t e d  t o  have had a n  a s h  erup-  
t i o n  i n  1907 ( D a l l ,  1 8 7 0 ) ,  b u t  f i e l d  o b s e r v a t i o n s  by Marsh show t h i s  t o  
be d o u b t f u l .  These youngest  v o l c a n o e s  a r e  a l s o  p r i m a r i l y  a n d e s i t i c  
b a s a l t  . 



Those p a r t s  of n o r t h e a s t  Atka n o t  covered  by r e c e n t  v o l c a n i c  f l o w s  
show t h e  deep  e r o s i o n a l  e f f e c t s  o f  t h e  P l e i s t o c e n e  g l a c i a t i o n s .  F i e l d  
s t u d i e s  r e c e n t l y  done by R .  Black ( p e r s .  comm.) i n d i c a t e  a post-wiscon- 
s i n a n  g l a c i e r  advance t h a t  r eached  t i d e w a t e r  o c c u r r e d  i n  a t  l e a s t  two 
o f  t h e  major  v a l l e y s  on t h e  wes t  s i d e  o f  n o r t h e a s t  Atka.  I f  t h e s e  neo- 
g l a c i a l  advances  were contemporaneous w i t h  t h o s e  documented on Umnak 
I s l a n d  ( R .  B l a c k ,  1 9 7 5 ) ,  t h e  advance would have t a k e n  p l a c e  a b o u t  3 ,000 
y e a r s  a g o .  A s m a l l  i c e  c a p  and a l p i n e  g l a c i e r s  s t i l l  m a n t l e  t h e  h i g h e r  
e l e v a t i o n s  o f  Atka c a l d e r a  and summit r e g i o n  o f  Mount K l i u c h e f .  Korovin 
Volcano,  a l t h o u g h  h i g h e r  t h a n  K l i u c h e f ,  is  n e a r l y  devo id  o f  g l a c i e r s .  
P robab ly  t h i s  i s  a consequence o f  r e c e n t  v o l c a n i c  a c t i v i t y .  

Thermal a r e a s  

S e v e r a l  a c t i v e  t h e r m a l  a r e a s  have been i d e n t i f i e d  on n o r t h e a s t  
Atka I s l a n d  ( f i g .  5 ) .  E a r l y  r e p o r t s  o f  some of t h e s e  s i t e s  a r e  summarized 
i n  Dall (1870) and Waring (1917) .  Other  s i t e s  were  i n v e s t i g a t e d  by 
B .  Marsh i n  1973 ,  1976 ,  and 1977 o r  i d e n t i f i e d  from a e r i a l  p h o t o s .  Because 
o f  t ime  c o n s t r a i n t s  and w e a t h e r  c o n d i t i o n s  t h e  DGGS f i e l d  p a r t y  was a b l e  
t o  i n v e s t i g a t e  o n l y  t h e  two most a c c e s s i b l e  s i t e s ,  t h e  Kl iuchef  and 
Korovin t h e r m a l  a r e a s  ( f i g  . 5 )  . 

Of t h e  o t h e r  t h e r m a l  a r e a s ,  most a r e  a s s o c i a t e d  w i t 1 1  Mount Kl iuchef  
and o c c u r  on t h e  summit and f l a n k s  o f  t h e  s t r a t o v o l c a n o .  A e r i a l  p h o t o s  
t a k e n  on J u l y  21,  1 9 5 1  show t h e  0.75-km-dia summit c r a t e r  t o  have a  deep snow 
d e p r e s s i o n  i n  t h e  c e n t e r  o f  i t ,  which s u g g e s t s  t h e r m a l  a c t i v i t y .  A much 
s m a l l e r  c r a t e r  (0.25 km i n  d i a ) ,  west  and a d j a c e n t  t o  t h e  summit c r a t e r  
may a l s o  b e  t h e r m a l l y  a c t i v e ;  i t  h a s  a  s m a l l  c r a t e r  l a k e  a t  i t s  bot tom.  

About 1 . 5  km s o u t h e a s t  o f  t h e  main summit, a l a r g e  t h e r m a l  f i e l d  
i s  marked by a  prominent  0.75-km-dia d e p r e s s i o n  t h a t  o c c u r s  i n  t h e  g l a c i e r  
i c e  c a p  n e a r  i t s  s o u t h w e s t e r n  edge .  The h o l e ,  which i s  a t  l e a s t  50 m 
d e e p ,  i s  sur rounded  by numerous c o n c e n t r i c  c r e v a s s e s .  I c e  c a n  be s e e n  
c o l l a p s i n g  o n t o  t h e  exposed t h e r m a l  f i e l d  a t  t h e  bot tom of  t h e  h o l e .  
Another  much s m a l l e r  d e p r e s s i o n  i n  t h e  g l a c i e r  o c c u r s  a b o u t  0 . 5  km f a r t h e r  
sou thwes t  and p r o b a b l y  marks t h e  l o c a t i o n  o f  y e t  a n o t h e r  t h e r m a l  v e n t .  

A 2-km-dia i c e - f i l l e d  c r a t e r  i s  l o c a t e d  east o f  t h e  summit o f  Mount 
K l i u c h e f .  The r i m  o f  t h e  c r a t e r ,  which d o e s  n o t  a p p e a r  t o  b e  t h e r m a l l y  
a c t i v e ,  h a s  been b reached  by g l a c i e r  f l o w .  A t h e r m a l  a r e a  r e p o r t e d  by 
B. Marsh ( p e r s .  comm.) i s  l o c a t e d  on a  s o u t h - f a c i n g  s t e e p  g l a c i e r  v a l l e y  
w a l l  on t h e  s o u t h  f l a n k  o f  Mount Kl iuchef  a t  a n  e l e v a t i o n  of a b o u t  915 m 
The s i t e  i s  d e s c r i b e d  a s  h i g h l y  c o l o r e d  and i s  v i s i b l e  from t h e  v i l l a g e  
o f  Atka on a  c l e a r  day.  The a r e a  d o e s  n o t  show much vapor' b u t  w a s  v e r y  
a c t i v e  a t  o n e  t ime  . 

One a d d i t i o n a l  t h e r m a l  f i e l d ,  'Atka n o r t h '  ( f i g .  5 ) ,  was r e p o r t e d  
t o  B .  Marsh and h a s  been t e n t a t i v e l y  i d e n t i f i e d  on a e r i a l  p h o t o s .  T h i s  
s i t e  o c c u r s  n e a r  t h e  n o r t h e r n  p a r t  o f  t h e  i s l a n d  on a n  e a s t - f a c i n g  
c l i f f  o v e r l o o k i n g  a l agoon  n e a r  t h e  Ber ing  Sea e a s t  of Cape P o t a i n i k o f .  
An a t t e m p t e d  f i e l d  v e r i f i c a t i o n  of t h i s  s i t e  by DGGS was thwar ted  by 
d e t e r i o r a t i n g  wea ther  c o n d i t i o n s .  



KLIUCHEF THERMAL AREA 

L o c a t i o n  

L a t i t u d e :  52016.01N, Longi tude :  1 7 4 ° 1 1 . 0 ' ~ ;  
Atka 1 :250 ,000  Quadrangle  (1959) 

Genera l  d e s c r i p t i o n  

The Kl iuchef  t h e r m a l  f i e l d  i s  l o c a t e d  1 2  km n o r t h  o f  t h e  v i l l a g e  
o f  Atka on t h e  wes t  f l a n k  o f  Mount Kl iuchef  ( f i g .  5 ) .  The t h e r m a l  f i e l d  
c a n  b e  r e a c h e d  from Korovin Bay, which i s  a c c e s s i b l e  from t h e  v i l l a g e  o f  
Atka by j e e p  t r a i l .  The f i e l d  o c c u r s  a t  a n  e l e v a t i o n  o f  a b o u t  600 m i n  
a small c i r q u e  o r  a m p h i t h e a t e r  a t  t h e  head o f  a  g l a c i e r  v a l l e y  t h a t  t r e n d s  
westward t o  a n  i n l e t  o f  Korovin Bay. The s i t e  c o n s i s t s  o f  numerous fuma- 
r o l e s ,  s t eam v e n t s ,  v i g o r o u s l y  b o i l i n g  s p r i n g s ,  and zones  o f  i n t e n s e  hydro- 
t h e r m a l  a l t e r a t i o n  c o v e r i n g  a n  a r e a  of a b o u t  50,000 m2 ( f i g s .  6-8) . Ther- 
m a l  w a t e r s  from t h e  bowl d r a i n  westward i n t o  a  c o l d  s t r e a m  c h a n n e l .  St ream 
w a t e r s  measured 1 5 ' ~  a b o u t  0 . 5  km downstream from t h e  the rmal  f i e l d  d e s p i t e  
heavy d i l u t i o n  w i t h  snow-melt r u n o f f .  

Geology 

The t h e r m a l  f i e l d  l i e s  i n  a  s m a l l  g l a c i a l  bowl a b o u t  500 m i n  d i a -  
mete r  t h a t  h a s  been c a r v e d  i n t o  sha l low-d ipp ing  l a v a  f l o w s .  The f lows  
n e a r  t h e  t h e r m a l  f i e l d  were found t o  be  h y p e r s t h e n e - a u g i t e  a n d e s i t i c  b a s a l t s  
and were p r o b a b l y  d e r i v e d  from t h e  summit r e g i o n  of Mount Kl iuchef  
o r  t h e  e a r l i e r  Atka vo lcano .  The ground immediate ly  s u r r o u n d i n g  t h e  
the rmal  v e n t s  i s  i n t e n s e l y  a l t e r e d  i n t o  mul t ihued  hydro thermal  c l a y s .  
Loca l  bedrock i s  o f t e n  veneered  w i t h  r e d  o x i d a t i o n .  

Morainal  d e b r i s  from r e c e n t  g l a c i a l  a c t i v i t y  b l a n k e t s  much of  t h e  
s u r r o u n d i n g  bedrock .  One group of b o i l i n g  s p r i n g s  and fumaro les  w a s  
found t o  be a c t i v e l y  c u t t i n g  i n t o  a  bank o f  g l a c i a l  d r i f t  t h a t  i s  
a t  l e a s t  5  m t h i c k .  The s i t e  was o b v i o u s l y  covered  w i t h  i c e  d u r i n g  
t h e  l as t  advance.  R.  Black ( p e r s .  co rn . )  found f ragments  of cemented 
hydro thermal  c l a y s  n e a r  t i d e w a t e r  i n  m o r a i n a l  d e p o s i t s  b e l i e v e d  t o  be 
a s s o c i a t e d  w i t h  a n e o g l a c i a l  advance i n  t h e  v a l l e y  c o n t a i n i n g  t h e  
t h e r m a l  s i t e .  I f  t h e  f ragments  were d e r i v e d  from t h e  Kl iuchef  the rmal  
f i e l d  t h i s  would i n d i c a t e  t h e  s i t e  was a c t i v e  b e f o r e  and perhaps  d u r i n g  
t h e  i c e  advance o f  p o s s i b l y  3 ,000 y e a r s  a g o .  

Thermal-vent c h a r a c t e r i s t i c s  

The t h e r m a l  v e n t s  l i e  i n  two a d j a c e n t  a r e a s  s e p a r a t e d  by a  s m a l l  
k n o l l  o f  hydro thermal  c l a y s  ( f i g .  6 ) .  The s o u t h w e s t e r n  s e r i e s  o f  v e n t s ,  
A ,  a r e  a b o u t  1 0  m h i g h e r  t h a n  s e r i e s  B .  S e r i e s  A c o n s i s t s  of a 50-m-wide, 
150-m-long s e m i c i r c u l a r  band o f  f u m a r o l e s ,  steam v e n t s ,  h o t  ground,  v i o -  
l e n t l y  b o i l i n g  a c i d  s p r i n g s ,  and mudpots l o c a t e d  on a  25' s l o p e  below a  



F i g u r e  6 .  Genera l  l o c a t i o n  d iagram showing r e l a t i o n s h i p  between Kl iuchef  
s i t e s  A and  B on Atka I s l a n d .  F i g u r e  7 .  D e t a i l  a t  Kl iuchef  s i t e  A .  
F i g u r e  8 .  D e t a i l  a t  Kl iuchef  s i t e  B .  



snow f i e l d ,  i n  a small b a s i n  a t  t h e  f o o t  o f  t h i s  s l o p e .  Fumarole v e n t s  
a r e  commonly 1-5 cm i n  d i a m e t e r  and s l i g h t l y  t o  modera te ly  p r e s s u r i z e d ,  and 
sur rounded  by s u b l i m a t e s .  Dry o u t f l o w  c h a n n e l s  from s e v e r a l  of t h e  
fumaro le  o r i f i c e s  i n d i c a t e  t h a t  w a t e r s  o c c a s s i o n a l l y  d r a i n  from t h e  v e n t s ,  
p e r h a p s  d u r i n g  p e r i o d s  of h i g h  p r e c i p i t a t i o n  and s p r i n g  m e l t .  Mudpots 
were formed o n l y  a t  t h e  b a s e  of t h e  s l o p e  and u s u a l l y  i n  funnel-shaped 
c a v e r n s ,  0 . 5  m t o  1 m i n  d i a m e t e r .  The mudpots were commonly a t  o r  n e a r  
b o i l i n g  t e m p e r a t u r e s .  Thermal w a t e r s  were a l l  a c i d i c  and g e n e r a l l y  t u r b i d .  
S e v e r a l  s p r i n g s  were b o i l i n g  v i o l e n t l y ,  i n  p o o l s  0 . 5  t o  1 m i n  d i a m e t e r ,  
l o c a t e d  a:ic!tg h e m a t i t e - s t a i n e d  v o l c a n i c  b o u l d e r s  and c o b b l e s .  

Ser ies-B t h e r m a l  v e n t s  a r e  l o c a t e d  i n  a s h a l l o w  t r o u g h  a d j a c e n t  t o  
a  s m a l l  moraine .  The t r o u g h  a c t s  as a  c a t c h  b a s i n  f o r  snow-melt r u n o f f  
above t h e  t h e r m a l  f i e l d .  These m e l t w a t e r s  a p p a r e n t l y  a r e  b e i n g  h e a t e d  
by a  h i g h  f l u x  of s t eam r e s u l t i n g  i n  s e v e r a l  v i o l e n t l y  b o i l i n g ,  s h a l l o w ,  
t u r b i d  p o o l s ,  up t o  4 m i n  d i a m e t e r ,  n e s t e d  i n  g l a c i a l  b o u l d e r s  and 
c o b b l e s .  The small m o r a i n a l  r i d g e  above t h e  s p r i n g s  i s  d o t t e d  w i t h  s m a l l  
s t eaming  v e n t s .  

The combined f l o w  of  h e a t e d  w a t e r  l e a v i n g  t h e  s e r i e s - A  h o t  p o o l s  
w a s  measured i n  a s u r f a c e  c h a n n e l  a t  465 lpm. Much of  t h e  o u t f l o w ,  how- 
e v e r ,  w a s  s e e n  and h e a r d  d i s c h a r g i n g  th rough  s u b s u r f a c e  c h a n n e l s ,  beyond 
t h e  r e a c h  o f  measurement. 

T a b l e  2  g i v e s  t h e  chemica l  and p h y s i c a l  p r o p e r t i e s  o f  the rmal  w a t e r s  
o b t a i n e d  from b o t h  the rmal  a r e a s .  The w a t e r s  a r e  c o n s p i c i o u s l y  low i n  
c a t i o n s  and d i s s o l v e d  s o l i d s ,  have  l i t t l e  o r  no c h l o r i d e ,  and a r e  r e l a t i v e l y  
r i c h  i n  s u l f a t e .  The w a t e r s  a r e  undoubtedly  l o c a l l y  d e r i v e d  s u r f a c e  mete- 
o r i c  w a t e r s  t h a t  a r e  h e a t e d  by a  huge f l u x  o f  s t eam and h o t  g a s e s  a t  and 
n e a r  t h e  ground s u r f a c e .  An a n a l y s i s  of g a s e s  p r e s e n t  i n  a  sample 
o b t a i n e d  from a r e a  A i s  g i v e n  i n  t a b l e  3 .  The g a s  i s  r i c h  i n  C02 b u t  
a l s o  modera te ly  h i g h  i n  H2 and H2S, t h e  p r e s e n c e  o f  which i n d i c a t e s  a  
h igh- tempera tu re  r e s e r v o i r  a t  d e p t h .  

The h i g h  n i t r o g e n  l e v e l  i n  t h e  sample i n d i c a t e s  a i r ,  pe rhaps  
d i s s o l v e d  i n  ground w a t e r ,  e n t e r s  t h e  sys tem,  w i t h  oxygen b e i n g  s e l e c -  
t i v e l y  removed i n  o x i d i z i n g  r e a c t i o n s .  

The h i g h  a c i d i t y  and s u l f a t e  c o n t e n t  of t h e  w a t e r s  i s  p r o b a b l y  
d e r i v e d  from t h e  o x i d a t i o n  o f  H2S i n  h o t  s u r f a c e  w a t e r s .  The h o t  a c i d  
w a t e r s  i n  t u r n  a t t a c k  and l e a c h  t h e  l o c a l  bedrock and p robab ly  a c c o u n t  
f o r  most o f  t h e  d i s s o l v e d  s o l i d s  p r e s e n t .  The low c o n c e n t r a t i o n  o f  
c a t i o n s  and s i l i c a  i n d i c a t e s  t h e  h e a t e d  w a t e r s  have a  s h o r t  r e s i d e n c e  
t ime  and a r e  r a p i d l y  f l u s h e d  from t h e  a r e a .  

A minimum e s t i m a t e  o f  t h e  s t eam f l u x  can  be  o b t a i n e d  by c o n s i d e r i n g  
t h e  o u t f l o w  of  h o t  w a t e r s  from t h e  a r e a .  The o n l y  f low measurement 
a v a i l a b l e  i s  f o r  t h e  lower  s e t  of h o t  p o o l s ,  where a  c o n s i d e r a b l e  p a r t  
o f  t h e  d i s c h a r g e  o c c u r s  underground.  A minimum e s t i m a t e  o f  o v e r  1 , 0 0 0  lpm 
f o r  t h e  combined o u t f l o w  of h o t  w a t e r s  from t h e  a r e a  d o e s  n o t  appear  
u n r e a s o n a b l e .  To o b t a i n  a  rough e s t i m a t e  of h e a t  l o s s ,  t h e  w a t e r s  a r e  
presumed t o  be  i n i t i a l l y  a t  O'C and t h e n  h e a t e d  t o  1000C. The r a t e  o f  



steam condensation required to obtain this amount of temperature change 
for 1,000 lpm of water is ap roximately 3 kg/s, equivalent to an energy 
exchange of about 1.67 x 10% cal/s, or 7 MW. The amount of steam and hot 
gases discharging directly to the atmosphere is unknown, but is probably 
at least as much as that being condensed at the ground surface. 

Table 2. Chemical composition and physical properties of Mount 
Kliuchef hot springs (all chemical analyses in mg/l). 

Si02 
A1 
Fe 
Ca 
M g 
Na 
K 
L i 
HCO3 

so4 
C 1 
F 
Br 
I 
B 

H2 
Sr 
pH, field 
Dissolved solids 
Hardness (mg/l CaC03) 
Sp conductance (pmho/cm at 250C) 
T, OC 
Flow rate, lpm 
Date sampled 

Series A Series B 

nd = not determined. 

Reservoir properties 

The high flux of steam, the large area of intense hydrothermal 
alteration, and the associated occurrence of boiling low-chloride acid- 
sulfate springs are all evidence for the presence of at least a shallow 
vapor-dominated system. The source of steam and hot gases could be a 
deeper vapor-dominated system or perhaps a deep, subsurface boiling-hot- 
water convective system. 



T a b l e  3a .  Chemical  compos i t ion  o f  g a s  sample from 
Mount Kl iuchef  t h e r m a l  f i e l d .  * 

Volume (%)  

*W. Evans,  a n a l y s t ,  U.S.  G e o l o g i c a l  Survey,  
Menlo P a r k ,  C a l i f .  

T a b l e  3b.  Gas geothermometry ,  ' Mount Kl iuchef  t h e r m a l  f i e l d .  

"Equa t ions  from DIAmore and P a n i c h i  (-1980) : 

where 

A = 2  l o g  CH/ - 6 l o g  I& - 3 l o g  

co2 co2 co2 

( g a s e s  e x p r e s s e d  i n  volume p e r c e n t )  

and B = -7 f o r  CO2>75% and CH4 2H2, H2S 2H2 
B =  0  C02 s 75% 
B =  7  C02< 75% 



The a n a l y s i s  o f  a  g a s  sample  f rom t h e  t h e r m a l  f i e l d  a l l o w s  a n  
e s t i m a t e  t o  be  made o f  t h e  deep  r e s e r v o i r  t e m p e r a t u r e  ( t a b l e  3 b ) .  The 

volume p e r c e n t a g e  o f  C02 i s  l e s s  t h a n  75  p e r c e n t ,  which y i e l d s  a n  e s t i -  
mated r e s e r v o i r  t e m p e r a t u r e  o f  2 3 9 O ~  f o r  a p p l i c a t i o n  of t h e  geothermometer 
d e s c r i b e d  by D'amre and P a n i c h i  (1980) .  T h i s  t e m p e r a t u r e  i s  s i m i l a r  t o  
maximum t e m p e r a t u r e s  found i n  deep p a r t s  o f  known vapor-dominated sys tems  
e l s e w h e r e  i n  t h e  wor ld .  T h i s  geothermometer ,  however, i s  s t i l l  under  
e v a l u a t i o n ,  and t h e  above e s t i m a t e  must be used w i t h  c a u t i o n .  N e v e r t h e l e s s ,  
t h e  l a r g e  volume of steam e s c a p i n g  from t h e  sys tem and t h e  h i g h  l e v e l s  
o f  H2 and H2S p r e s e n t  i n  t h e  g a s e s  i n d i c a t e  t h e  deep  r e s e r v o i r  exceeds  
150°C, r e g a r d l e s s  o f  whe ther  i t  i s  a ho t -wate r  o r  vapor-dominated system.  

No g e o p h y s i c a l  e x p l o r a t i o n  o r  e x p l o r a t o r y  d r i l l i n g  h a s  been  done a t  
t h e  s i t e .  The d e p t h  t o  w a t e r  t a b l e  ( i f  any e x i s t s ) ,  t h e  s u b s u r f a c e  la tera l  
e x t e n t  o f  t h e  t h e r m a l  anomaly,  t h e  p o r o s i t y  and p e r m e a b i l i t y  o f  t h e  h o s t  
v o l c a n i c  r o c k s ,  and t h e  d e g r e e  o f  s i l i c i f i c a t i o n  i n  t h e  r e s e r v o i r  a l l  need 
t o  b e  d e t e r m i n e d .  

Comments 

The t h e r m a l  w a t e r s  i s s u i n g  from t h e  Kl iuchef  t h e r m a l  f i e l d  a r e  
l o c a l l y  d e r i v e d  s u r f a c e  w a t e r s  b e i n g  h e a t e d  t o  b o i l i n g  a t  o r  n e a r  t h e  
ground s u r f a c e  by a  voluminous upf low of  s t eam and h o t  g a s e s .  The 
e x t e n t  and d e p t h  o f  t h e  vapor-dominated zone a t  R l i u c h e f  i s  unknown. 

Such l o c a l i z e d  zones  of f u m a r o l i c  a c t i v i t y  a r e  n o t  a n  uncommon 
o c c u r e n c e  on t h e  upper  f l a n k s  of a c t i v e  v o l c a n i c  sys tems .  V a r i o u s  
models have  been proposed f o r  t h e  deep geo thermal  sys tems  of  v o l c a n o e s  
e x h i b i t i n g  s i m i l a r  t h e r m a l  a c t i v i t y  (Oki and H i r a n o ,  1970;  Mahon and 
o t h e r s ,  1 9 8 0 ) .  A c o o l i n g  magma body, presumed t o  be  a t  a d e p t h  o f  
no more t h a n  a few k i l o m e t e r s ,  i s  commonly invoked as t h e  p r imary  
s o u r c e  o f  h e a t  d r i v i n g  t h e  hydro thermal  sys tem.  For t h e  Kliucllef  
t h e r m a l  f i e l d  t h e  magma c o u l d  be a s s o c i a t e d  w i t h  Kl iuchef  v o l c a n o  o r  
p e r h a p s  t h e  o l d e r  Atka c a l d e r a .  

Evidence a c q u i r e d  from d r i l l i n g  of s i m i l a r  v o l c a n i c  geo thermal  
sys tems  e l s e w h e r e  i n  t h e  wor ld  i n d i c a t e s  t h a t  a  deep Na-C1 h o t  b r i n e  
normal ly  d e v e l o p s  and o v e r l i e s  t h e  c o o l i n g  h o t  r o c k .  T h i s  b r i n e  i s  
thought  t o  become i s o l a t e d  from s h a l l o w e r  l e v e l s  by a  p r o c e s s  of s i l i c a  
d e p o s i t i o n  on t h e  o u t e r  boundary o f  t h e  r e s e r v o i r  and because  t h e  b r i n e  
h a s  a g r e a t e r  d e n s i t y  t h a n  t h e  i n f i l t r a t i n g  c o l d  s u r f a c e  w a t e r s .  Secon- 
d a r y  r e s e r v o i r s ,  lower  i n  d e n s i t y ,  c a n  t h e n  d e v e l o p  o v e r  t h e  b r i n e  sys -  
t e m .  Waters  n o r m a l l y  sampled a t  t h e  s u r f a c e  p r o b a b l y  r e s i d e  i n  secon-  
d a r y  r e s e r v o i r s  o v e r l y i n g  and be ing  h e a t e d  by d e n s e  f l u i d s  e s c a p i n g  from 
t h e  d e e p e r  b r i n e  r e s e r v o i r .  

I f  w a t e r s  i n  t h e  secondary  r e s e r v o i r  become h o t  enough, s u b s u r f a c e  
b o i l i n g  c a n  o c c u r ,  c a u s i n g  f u m a r o l i c  a c t i v i t y  a t  t h e  s u r f a c e .  A l t e r -  
n a t i v e l y ,  i f  co ld -wate r  r e c h a r g e  i s  i n s u f f i c i e n t  t o  deve lop  a  hot-water  
r e s e r v o i r ,  a vapor-dominated system c o u l d  e v o l v e .  Recharge o f  t h e  



d e e p e r  sys tem c o u l d  be r e s t r i c t e d  by s i l i c a  c e m e n t a t i o n ;  w i t h  c o n t i n u e d  
b o i l i n g  and l a c k  o f  r e c h a r g e  a vapor-dominated sys tem c a n  s l o w l y  deve lop ,  
h e a t e d  by d e n s e  g a s e s  e s c a p i n g  from t h e  d e e p e r  b r i n e  r e s e r v o i r .  

The c o n d u i t s  f o r  e s c a p e  of h o t  f l u i d s  t o  t h e  s u r f a c e  a r e  commonly 
f r a c t u r e s ,  and t h i s  i s  p r o b a b l y  t h e  c a s e  w i t h  Mount Kl iuc l i e f .  Although 
hydro thermal  a l t e r a t i o n  and s i l i c a  d e p o s i t i o n  c a n  r e s t r i c t  f l o w ,  seis- 
mic a c t i v i t y  coup led  w i t h  s u b s u r f a c e  g a s  p r e s s u r e s  i n  t h e  r e s e r v o i r  
o f t e n  open c h a n n e l s  and keep them f r e e .  

Volcan ic  f l o w s  a r e  u s u a l l y  h i g h l y  porous  and permeable ,  and t h i s  
c o u l d  e x p l a i n  t h e  l a c k  of h o t - s p r i n g s  a c t i v i t y  e l s e w h e r e ,  such  a s  a t  
lower  e l e v a t i o n s  on t h e  f l a n k s  of t h e  v o l c a n o e s .  The h o t  f l u i d s  d i s -  
c h a r g e  d i r e c t l y  i n t o  m e t e o r i c  w a t e r s  i n f i l t r a t i n g  t h e  porous  r o c k s ,  and 
are f l u s h e d  from t h e  sys tem a t  s u b s u r f a c e  l e v e l s .  

The s i t e  a p p e a r s  t o  b e  p a r t i c u l a r l y  a t t r a c t i v e  f o r  f u r t h e r  e x p l o r a -  
t i o n  and e v e n t u a l  development on two c o u n t s :  a )  t h e  s t r o n g  e v i d e n c e  
f o r  a h igh- tempera tu re  geo thermal  r e s e r v o i r  u n d e r l y i n g  Mount Kl iuchef  
and b) t h e  p r o x i m i t y  of t h i s  r e s o u r c e  t o  p o t e n t i a l  u s e r s  who a r e  a c t i v e l y  
s e e k i n g  a n  energy  b a s e .  The e s t i m a t e d  r e s e r v o i r  t e m p e r a t u r e s  shou ld  be 
more t h a n  a d e q u a t e  For g e n e r a t i o n  of e l e c t r i c a l  power and f o r  a  v a r i e t y  
of o t h e r  a p p l i c a t i o n s  i n c l u d i n g  d i r e c t  h e a t i n g  and i n d u s t r i a l  p r o c e s s i n g .  



KOROVIN TIIERMAL AREAS 

Loca t  i o n  

L a t i t u d e  52O17.8' N ,  l o n g i t u d e  174O147' W 

Atka 1 :250 ,000  (1959) 

Genera l  d e s c r i p t i o n  

The Korovin t h e r m a l  a r e a s  l i e  1 7  km n o r t h  of t h e  v i l l a g e  o f  Atka 
i n  t h e  n o r t h - c e n t r a l  p a r t  of n o r t h e a s t  Atka I s l a n d .  There  a r e  two s i t e s ,  
0.5 km a p a r t ,  l o c a t e d  n e a r  t h e  head of a b road  v e r d a n t  g l a c i e r  v a l l e y  
6 km s o u t h w e s t  o f  Korovin Volcano ( f i g s .  5 and 9 ) .  The f i e l d s  c o v e r  a n  a r e a  
o f  a b o u t  50,000 m2 and c o n s i s t  o f  steam v e n t s ,  mudpots,  b o i l i n g  s p r i n g s ,  
and warm ground.  I n  a d d i t i o n ,  s i t e  A  h a s  two s m a l l .  e x p l o s i o n  c r a t e r s ,  
o n e  o f  which c o n t a i n s  a  red-co lored  a c i d - s u l f a t e  l a k e .  The w a t e r s  a r e  
pe rched  above  and l i e  a d j a c e n t  t o  t h e  main ~ o l d ~ s t r e a m  c h a n n e l ,  which 
d r a i n s  t h e  c e n t r a l  p a r t  of t h e  upper  v a l l e y .  S i t e  B i s  a b o u t  30 m 
h i g h e r  t h a n  A ,  and i s  l o c a t e d  i n  a  500-m-dia bowl s e t  between a  s m a l l  
k n o l l  on t h e  n o r t h  and s t e e p  v o l c a n i c  s l o p e s  t o  t h e  s o u t h  ( f i g . ' 9 ) .  

The t h e r m a l  f i e l d s  a r e  a c c e s s i b l e  from t h e  v i l l a g e  o f  Atka by j e e p  
t r a i l  t o  Korovin Bay, t h e n c e  a l o n g  t h e  beach and o v e r l a n d  f o r  a b o u t  1 0  km 
t o  t h e  s i t e s ,  o r  by s m a l l  b o a t  t o  t h e  head of e i t h e r  one  of two i n l e t s  
and t h e n c e  o v e r l a n d  f o r  a b o u t  5  km. The s p r i n g s  s i t e  i s  b r i e f l y  mentioned 
i n  D a l l  (1870) and was a p p a r e n t l y  used by R u s s i a n s  and A l e u t s  d u r i n g  t h e  
t e n u r e  o f  R u s s i a n  s e t t l e m e n t .  

Geology 

The r i d g e  s o u t h e a s t  o f  t h e  t h e r m a l  f i e l d s  i s  composed o f  a mass ive  
d a c i t i c  f l o w  t h a t  i s  i n  p l a c e s  up t o  750 rn t h i c k  ( f i g .  5 ) .  The f low i s  
f r o t h y  o r  pumaceous i n  i t s  upper  p a r t  b u t  h a s  t h e  c h a r a c t e r i s t i c s  o f  a  
l a v a  i n  i t s  m i d d l e  and lower  s e c t i o n s  ( B .  Marsh,  p e r s .  comm.). The d a c i t e  
i s  t h o u g h t  t o  b e  p a r t  of t h e  e r u p t i o n  t h a t  formed t h e  Atka c a l d e r a ;  a  
h y d r a t i o n  d a t e  s u g g e s t s  a n  emplacement o f  300,000 t o  500,000 y e a r s  ago .  
The d a c i t e  o v e r l i e s  a  t h i c k  sequence  o f  a n d e s i t i c - b a s a l t i c  f l o w s  d e r i v e d  
from t h e  a n c e s t r a l  Atka Volcano. The Atka f l o w s  p r o b a b l y  u n d e r l i e  t h e  
v a l l e y  c o n t a i n i n g  t h e  t h e r m a l  f i e l d s .  

Outc rops  exposed i n  t h e  700-m-high v a l l e y  w a l l  and r i d g e  n o r t h  o f  
t h e  t h e r m a l  s i t e s  c o n s i s t  o f  a  s e r i e s  o f  i n t e r b e d d e d  a n d e s i t i c - b a s a l t i c  
f l o w s  c o l l e c t i v e l y  mapped a s  P o t a i n i k o f  v o l c a n i c s  ( f i g .  5 ) .  T h i s  v o l -  
c a n i c  sequence  a p p e a r s  t o  o v e r l i e  f l o w s  from Atka Volcano and may be 
contemporaneous w i t h  p o s t c a l d e r a  v o l c a n i c  a c t i v i t y  f a r t h e r  s o u t h .  

The a r e a  lias been h e a v i l y  g l a c i a t e d ,  and  t h e  v a l l e y  i s  f l o o r e d  w i t h  
g l a c i a l  d r i f t  and p o s t g l a c i a l  a l l u v i u m .  N e o g l a c i a l  advances  may have 
a f f e c t e d  t h i s  p a r t  of t h e  i s l a n d .  



Figu re  9 .  Sketch map of Korovin A and B thermal  areas on Atka  Island. 



At s i t e  A a r e  two small ,  ob long  e x p l o s i o n  c r a t e r s ,  o r i e n t e d  a b o u t  
S30°E ( f i g .  9 ) .  The l a r g e r  i s  60 m l o n g  and 30 m wide ,  and h a s  a  s h a l l o w ,  
r e d  t u r b i d  l a k e .  Gouging by f u m a r o l i c  and b o i l i n g - s p r i n g  a c t i v i t y  h a s  
exposed s t ra ta  i n  t h e  n o r t h  w a l l  o f  t h e  c r a t e r ,  which rises 7 m above 
t h e  l a k e  bed .  The c r a t e r  r i m  i s  mant led  w i t h  a 1.5-m-thick r i n g  o f  
well-bedded e j e c t a .  The beds t a r y  from 0 . 5  cm t o  s e v e r a l  crn t h i c k  and con- 
s i s t  of p o o r l y  s o r t e d  s i l t ,  sand ,  and pebb le - s ized  l i t h i c  f ragments  
cemented by hydrothermal  a l t e r a t i o n .  The t e p h r a  beds i n  t u r n  o v e r l i e  what 
a p p e a r s  t o  be g l a c i a l  d r i f t  exposed i n  t h e  c r a t e r  w a l l .  Lack of s u r f a c e  
e r o s i o n  i n d i c a t e s  t h e  c r a t e r s  a r e  p o s t g l a c i a l  f e a t u r e s .  The c r a t e r s  
p robab ly  formed a s  a  r e s u l t  of a  s e r i e s  of p h r e a t i c  e x p l o s i o n s  t h a t  may 
have o c c u r r e d  d u r i n g  t h e  waning s t a g e s  of v a l l e y  d e g l a c i a t  i o n .  Explos ion  
c r a t e r s  i n  geo thermal  f i e l d s  have been c o r r e l a t e d  wi th  d e g l a c i a t i o n  e l s e -  
where ,  e .g .  Ye l lows tone  N a t i o n a l  P a r k  ( ~ u f f l e r  and o t h e r s ,  1971) .  

1 

Thermal-vent c h a r a c t e r i s t i c s  

The most d i s t i n c t i v e  f e a t u r e  a t  s i t e  A i s  t h e  s m a l l ,  r e d - s t a i n e d  
c r a t e r  l a k e  nieasuring a b o u t  30 m l o n g  and 1 5  m wide.  The p r i n c i p a l  
t h e r m a l  v e n t s  o c c u r  a t  t h e  n o r t h w e s t  end of t h e  l a k e ,  where s e v e r a l  v i g o r -  
o u s l y  b o i l i n g  s p r i n g s  and  s team v e n t s  a r e  c a r v i n g  a  c a v e r n  i n t o  t h e  s i d e  
o f  t h e  h e m a t i t e - s t a i n e d  c r a t e r  w a l l .  The c r a t e r  w a l l  and r i m  a r e  pock 
marked w i t h  numerous s m a l l  vapor  v e n t s  t h a t  a r e  o f t e n  r i n g e d  w i t h  yellow- 
c o l o r e d  s u b l i m a t e s .  Most o f  t h e  ground s u r r o u n d i n g  t h e  l a k e  h a s  been 
h y d r o t h e r m a l l y  a l t e r e d  t o  r e d ,  y e l l o w ,  a n d , g r a y  c l a y s .  

S e v e r a l  m e t e r s  s o u t h  o f  t h e  l a k e  are s e v e r a l  0.5-m-dia s t eam c a v e r n s ,  
some f i l l e d  w i t h  b u b b l i n g  mud. P a r t s  o f  t h e  a d j a c e n t  s m a l l e r  c r a t e r  are 
a l s o  t h e m a l l y  a c t i v e ,  a g a i n  c o n s i s t i n g  o f  s m a l l  mudpots and s team 
v e n t s .  The h o l l o w  of  t h i s  s m a l l e r  c r a t e r  c o n t a i n s  a  warm, marshy 
a r e a .  

The n o r t h w e s t  f l a n k s  o f  t h e  c r a t e r s  are s t e e p  and d r o p  a b o u t  
1 5  m t o  a cb'ld s t r e a m  c h a n n e l .  T e m p e r a t u r e s i n  t h e  s o i l  a t  1 0  cm 
d e p t h  measured 500 t o  9 8 ' ~  n e a r  t h e  c r a t e r  r i m  and 2 2 ' ~  n e a r  t h e  s t r e a m  
c h a n n e l .  S e v e r a l  w a r m  s e e p s  and s m a l l  h o t  s p r i n g s  measur ing up t o  75% 
were observed  i s s u i n g  from t h e  s t r e a m  bank below t h e  c r a t e r .  The a r e a  
s o u t h e a s t  o f  t h e  c r a t e r s  i s  a l s o  warm, measur ing  640C a t  a  d e p t h  of 
1 0  cm a t  a d i s t a n c e  o f  20 m from t h e  l a r g e r  c r a t e r  r i m .  

Thermal a c t i v i t y  a t  s i t e  B i s  much l e s s  i n t e n s e  t h a n  a t  A .  The 
s i t e  c o n s i s t s  of a  s e r i e s  of h o t  mudpots,  t u r b i d  p o o l s ,  b u b b l i n g  warm 
s p r i n g s ,  s e v e r a l  s m a l l  s t eam v e n t s  and g e n e r a l l y  warm ma;sl~y ground 
( f i g .  9 ) .  T h i s  a c t i v i t y  o c c u r s  i n  a bowl l i k e  f e a t u r e  w i t h  t h e  t h e r m a l  
w a t e r s  and steam emanat ing f rom t h e  a l l u v i a l  and c o l l u v i a l  c o v e r ,  which 
may be  u n d e r l a i n  by g l a c i a l  d e p o s i t s .  The warm w a t e r s  d r a i n  from t h e  
bowl t o  b o t h  t h e  e a s t  and w e s t .  

Tab le  4 g i v e s  t h e  c h e m i c a l  c o m p o s i t i o n  and p h y s i c a l  p r o p e r t i e s  o f  
the rmal  w a t e r s  o b t a i n e d  from t h e  two Korovin s i t e s .  The w a t e r  sample 
from s i t e  A was o b t a i n e d  from a  v i g o r o u s l y  b o i l i n g  poo l  a t  t h e  n o r t h w e s t  
end o f  t h e  c r a t e r  l a k e .  The w a t e r  sample from s i t e  B w a s  t a k e n  from a 



s m a l l  h o t  s p r i n g  p o o l ,  measur ing  4 8 " ~  w i t h  a  1 o w . d i s c h a r g e .  Both s p r i n g  
samples  a r e  d i s t i n g u i s h e d  by v e r y  Low c o n c e n t r a t  i o n  of c h l o r i d e s .  S p r i n g  
w a t e r  from B is much more d i l u t e ,  much lower i n  s u l f a t e ,  and n e a r e r  
n e u t r a l  pH t h a n  wa te r  from s i t e  A. The h i g h e r  c o n c e n t r a t i o n  of c a t i o n s  a t  
s i t e  A - - - p a r t i c u l a r l y  Ca and Mg---is p robab ly  p a r t i a l l y  due t o  hot  a c i d  
w a t e r s  a t t a c k i n g  and l e a c h i n g  t h e  s u r r o u n d i n g  r o c k s .  The a c i d i t y  p robab ly  
r e s u l t s  from t h e  o x i d a t i o n  of H2S l o  form s u l f u r i c  a c i d .  The odor of 
H2S was n o t i c e a b l e  a t  s i t e  A and a  t r a c e  amount was d e t e c t e d  i n  t h e  
w a t e r .  

T a b l e  4 .  Chemical  compos i t ion  and p h y s i c a l  p r o p e r t i e s  o f  
Korovin Bay h o t - s p r i n g s  s i t e s  A and B 

( a l l  chemica l  a n a l y s e s  i n  m g / l ) .  

C 1  
F 
B r 
I 
B 

H2 S 
S r  
pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (mg/ l  CaC03) 
Sp conduc tance  (pmho/cm a t  2 5 O ~ )  
T  (OC) 
Flow r a t e  (lpm) 
Date sampled 

S i t e  A S i t e  B 

nd = n o t  d e t e r m i n e d  
aDoes n o t  i n c l u d e  HC03 d a t a .  

T a b l e  5 i s  a n  a n a l y s i s  o f  a g a s  sample o b t a i n e d  from a warm-spring 
p o o l  a t  s i t e  B.  The dominant g a s  i s  C02, w i t h  Hz and H2S n o t a b l y  a b s e n t ,  
p e r h a p s  a s  a  r e s u l t  o f  e x t e n s i v e  i n t e r a c t i o n  w i t h  w a t e r s  i n  a  s h a l l o w  
low- tempera tu re  r e s e r v o i r .  The h i g h  N2 c o n t e n t  s u g g e s t s  t h e  i n f i l t r a t i o n  
of a i r  i n t o  t h e  s u b s u r f a c e  sys tem and p e r h a p s  d i s s o l v i n g  i n  downward-per- 
c o l a t i n g  m e t e o r i c  w a t e r s ;  r e s i d u a l  oxygen would be removed b y  wa te r - rock  
i n t e r a c t i o n s .  



T a b l e  5 .  Chemical  c o m p o s i t i o n  o f  g a s  sample  f rom 
Korovin  Bay t h e r m a l  s i t e  B . ~  

Volume (%) 

awe Evans,  a n a l y s t ,  USGS, Menlo P a r k ,  CA. 

The s u r f a c e  m a n i f e s t a t i o n s  i n  bo th  l o c a t i o n s - - - t h e  low c h l o r i d e  l e v e l ,  a c i d  
s p r i n g s ,  numerous s t eam v e n t s ,  and mudpots---al l  sugges t  t h a t  a vapor-  
dominated zone u n d e r l i e s  t h e  a r e a .  The the rmal  w a t e r s  a r e  p robab ly  l o c a l l y  
d e r i v e d  m e t e o r i c  w a t e r s  b e i n g  h e a t e d  i n  a  s h a l l o w  r e s e r v o i r  by condensing 
s t eam and h o t  g a s e s  wi th  a c i d i t y  caused by o x i d a t i o n  of H2S. 

R e s e r v o i r  p r o p e r t i e s  

The s t eam v e n t s ,  b o i l i n g  a c i d  s p r i n g s ,  mudpots ,  and low-ch lo r ide  
the rmal  w a t e r s  a l l  i n d i c a t e  a  vapor-dominated zone u n d e r l i e s  t h e  the rmal  
f i e l d s .  Water and gas  c h e m i s t r y  s u g g e s t  t h a t  s team i.s condens ing  i n t o  and 
h e a t i n g  a  shal low-water  r e s e r v o i r  t h a t  i s  p robab ly  be ing  fed by l o c a l  
m e t e o r i c  w a i e r s .  The e x t e n t  and d e p t h  of t h e  vapor-dominated zone is 
unknown. I s o l a t e d  p o c k e t s  of s team may u n d e r l i e  t h e  two s i t e s ,  o r  t h e  
s i t e s  cou ld  be an i n d i c a t i o n  of  a  much b r o a d e r  vapor-dominated the rmal  
r e s e r v o i r  benea th  t h e  a r e a .  

The s i l i c a  c o n t e n t  of bo th  thermal  w a t e r s  s u g g e s t s  t e m p e r a t u r e s  i n  t h e  
s h a l l o w  r e s e r v o i r  a r e  warm, r a n g i n g  from 100" t o  1 5 0 " ~ .  The v a r i a t i o n  i n  
s i l i c a  l e v e l s  between t h e  two w a t e r s  cou ld  r e p r e s e n t  d i f f e r e n c e s  i n  
r e s i d e n c e  t ime f o r  t h e  i n d i v i d u a l  the rmal  w a t e r s  sampled,  ac id wa te r - rock  
i n t e r a c t i o n ,  or  pe rhaps  d i f f e r e n c e s  i n  cold-water  d i l u t i o n .  

To use  t h e  D'Arnore-Panichi g a s  geothermometer two c o n d i t i o n s  
shou ld  be met:  a )  t h e  g a s e s  shou ld  not  be i n  c o n t a c t  w i t h  a  l a r g e ,  
low t e m p e r a t u r e  w a t e r  t a b l e  above t h e  main r e s e r v o i r  and b )  t h e  s p r i n g  
and fumarole  sampled shou ld  have a  h i g h  gas  f low r a t e  because  W2S and 



HZ are s t r o n g l y  a f f e c t e d  by n e a r - s u r f a c e  a l t e r a t i o n  th rough  wate r - rock  
r e a c t i o n s .  Both t h e s e  c o n d i t i o n s  a r e  p r o b a b l y  v i o l a t e d  a t  t h e  Korovin 
s i t e s ,  and t h e r e f o r e  a p p l i c a t i o n  of t h e  g a s  geothermometer i s  inappro-  
p r i a t e .  The h i g h  s team f l u x ,  however, d o e s  s u g g e s t  a deep r e s e r v o i r  tem- 
p e r a t u r e  exceed ing  150°C. 

110 g e o p h y s i c a l  e x p l o r a t i o n  o r  e x p l o r a t o r y  d r i l l i n g  h a s  been done 
a t  t h e  two s i t e s .  The d imens ions  o f  b o t h  t h e  s h a l l o w  w a t e r  t a b l e  and 
t h e  u n d e r l y i n g  vapor-dominated zone,and t h e  n a t u r e  o f  t h e  deep system 
have y e t  t o  be d e t e r m i n e d .  

Comments 

U n l i k e  t h e  Kl iuchef  s i t e ,  t h e  Korovin t h e r m a l  f i e l d s  do n o t  o c c u r  
on t h e  f l a n k  of a n  a c t i v e  v o l c a n o .  R a t h e r ,  t h e  s i t e s  o c c u r  a t  a  r e l a -  
t i v e l y  low e l e v a t i o n  i n  a n  open v a l l e y ,  a  s i t u a t i o n  i n  which a  s u b s t a n -  
t i a l  w a t e r  t a b l e  would be  e x p e c t e d .  The s u r f a c e  m a n i f e s t a t i o n  o f  t h e  
t h e r m a l  a c t i v i t y  and f l u i d  c h e m i s t r y ,  however,  i n d i c a t e  t h e  p r e s e n c e  of 
a  vapor-dominated zone under  a  s h a l l o w  w a t e r  t a b l e .  D e s p i t e  t h e  d i s t a n c e  
from a c t i v e  v o l c a n o e s ,  t h e  s o u r c e  o f  h e a t  d r i v i n g  t h e  hydro thermal  sys tem 
a t  Korovin c o u l d  s t i l l  be magmatic. 

Evidence e x i s t s  t h a t  f r a c t u r e s  and v o l c a n i c  d i k e s  t end  t o  deve lop  
normal t o  t h e  minimum compress ion  o r  p a r a l l e l  t o  t h e  maximum h o r i z o n t a l  
compress ion  o f  r e g i o n a l  o r i g i n ,  i n  t h i s  c a s e  t h e  convergence o f  two 
major  t e c t o n i c  p l a t e s  (Nakamura and o t h e r s ,  1 9 7 7 ) .  Marsh ( p e r s .  comm.) 
r e p o r t s  t h a t  t h e  predominent t r e n d  o f  d i k e s  exposed a t  t h e  s u r f a c e  on 
n o r t h e a s t  Atka a r e  i n  t h e  g e n e r a l  d i r e c t i o n  of p l a t e  convergence.  The 
Kl iuchef  and Korovin t h e r m a l  s i t e s  l i e  on a  t r e n d  of N .  50° W . ,  t h e  d i r -  
e c t i o n  o f  p l a t e  convergence i n  t h i s  p a r t  of t h e  A l e u t i a n s .  

The s i t e s  may o v e r l i e  a  d i k e  o r , d i k e  swarm---or p e r h a p s  even 
a  l a r g e  magmatic sys tem w i t h  f r a c t u r e  zones  p r o v i d i n g  c o n d u i t s  
f o r  t h e  e s c a p e  of t h e r m a l  f l u i d s  from a  deep  geo thermal  r e s e r v o i r .  I f  
a  s i n g l e  l a r g e  geo thermal  r e s e r v o i r  d o e s  u n d e r l i e  t h e  e n t i r e  area, t h e  
p o t e n t i a l  f o r  energy  development w i l l  be enormous. The system i s  pro- 
b a b l y  h i g h  t e m p e r a t u r e ,  i . e . ,  g r e a t e r  t h a n  1 5 0 ' ~  and t h e r e f o r e  a t t r a c t i v e  
f o r  t h e  g e n e r a t i o n  o f  e l e c t r i c a l  power and f o r  most d i r e c t - h e a t  a p p l i c a -  
t i o n s .  The p r o x i m i t y  of t h e  t h e r m a l  s i t e s  t o  u s e r s  who a r e  a c t i v e l y  
s e e k i n g  a n  energy  b a s e  t o  a t t r a c t  f i s h i n g  i n d u s t r i e s  makes t h e  n o r t h e a s t  
Atka s i t e s  prime c a n d i d a t e s  f o r  f u r t h e r  e x p l o r a t i o n  and development .  



UMIJAK ISLAND 

Background 

Umnak I s l a n d  i s  l o c a t e d  i n  t h e  e a s t e r n  A l e u t i a n  Chain sou thwes t  
o f  Unalaska I s l a n d  and s e p a r a t e d  from i t  by Umnak P a s s ,  360 km from 
t h e  end of t h e  Alaska  P e n i n s u l a  ( f i g s .  1 and 3 ) .  Most of t h e  i s l a n d  i s  
between t h e  m e r i d i a n s  168°-1690~.  and 53O-54'~. The 120-km-long 
i s l a n d ,  which f o l l o w s  t h e  t r e n d  o f  t h i s  p a r t  of t h e  A l e u t i a n  a r c ,  
N .  450 W . ,  i s  d i v i d e d  i n t o  n o r t h e a s t e r n  and s o u t h w e s t e r n  p a r t s  a t  t h e  
na r row i s t h m u s  formed by t h e  i n d e n t a t i o n  o f  t h e  i s l a n d  by Inanudak 
Bay ( f i g .  1 0 ) .  N o r t h e a s t e r n  Umnak I s l a n d  i s  dominated by Okmok 
C a l d e r a ,  a low (1,070-m) s h i e l d  v o l c a n o  capped by a  10-km-dia c o l l a p s e  
c a l d e r a .  Sou thwes te rn  Umnak i s  much mo,re rugged ,  w i t h  two l a r g e  
g l a c i e r - c l a d  s t r a t o v o l c a n o e s ,  Mount Vsevidof and Mount Recheshnoi ,  each 
r i s i n g  t o  n e a r l y  2 ,150 m. Most of t h e  c o a s t l i n e  of Umnak i s  d i r e c t l y  
exposed t o  e i t h e r  t h e  Ber ing  Sea o r  P a c i f i c  Ocean and is c h a r a c t e r i z e d  by 
rugged s e a  c l i f f s  and d a r k  sandy beaches .  

Three  a r e a s  of t h e r m a l  s p r i n g s  o c c u r  s o u t h  of Inanudak Bay i n  
a l l u v i u m - f l o o r e d  v a l l e y s :  s o u t h  o f  Hot S p r i n g s  Cove, s o u t h e a s t  o f  
Geyser B i g h t ,  and i n  a  s m a l l  unnamed v a l l e y  t h a t  d r a i n s  eas tward  
a c r o s s  t h e  n a r r o w e s t  p a r t  o f  Umnak ( f i g .  1 0 ) .  The Geyser B i g h t  s p r i n g s  
a r e  t h e  most widespread ,  h o t t e s t ,  and p r o b a b l y  b e s t  known t h e r m a l  
s p r i n g s  i n  t h e  A l e u t i a n  I s l a n d s .  The e x i s t e n c e  o f  t h e  Hot S p r i n g s  Cove 
and Geyser  B i g h t  the rmal  s p r i n g  a r e a s  were  r e p o r t e d  i n  Grewingk (1850) 
and i n  Waririg (1917) .  Byers  and Brannock (1949) performed a n  e x t e n s i v e  
s u r v e y  o f  t h e  t h e r m a l  s p r i n g  a r e a s  on t h e  i s l a n d  d u r i n g  t h e i r  g e o l o g i c  
mapping o f  Umnak i n  1946-48. More r e c e n t l y  t h e  geochemi.stry o f  t h e  
t h e r m a l  w a t e r s  w a s  reexamined by  I .  Barnes  of t h e  U.S* G e o l o g i c a l  
Survey ,  Menlo Park  ( p e r s .  Comrn., unpub. d a t a )  and by DGGS ( t h i s  r e p o r t ) .  

The o n l y  a r e a s  o f  h a b i t a t i o n  o c c u r  a t  e i t h e r  end o f  t h e  i s l a n d .  
A s h e e p  r a n c h  r u n  by a  s i n g l e  i n d i v i d u a l  i s  l o c a t e d  n e a r  a n  a i r s t r i p  a t  
t h e  abandoned W W - I 1  F o r t  Glenn A i r  F o r c e  Base on t h e  n o r t h e a s t  end o f  
t h e  i s l a n d .  An abandoned j e e p  t r a i l  a t  t h e  b a s e  o f  Okmok C a l d e r a  l e a d s  
from F o r t  Glenn a l o n g  t h e  P a c i f i c  c o a s t  t h e n  c r o s s e s  t h e  i s l a n d  t o  
Inanudak Bay on t h e  Ber ing  s e a c o a s t .  N i k o l s k i ,  a  n a t i v e  v i l l a g e  o f  
a b o u t  60 A l e u t s ,  l i e s  a t  t h e  sou thwes t  end o f  t h e  i s l a n d  n e a r  a s m a l l  
s h e l t e r e d  h a r b o r  on t h e  Ber ing  s e a c o a s t .  V i l l a g e  economy i s  based on 
s u b s i s t e n c e  and a few s m a l l  s h e e p  fa rms .  Fluch o f  t h e  l a n d  s u r r o u n d i n g  
t h e  h o t - s p r i n g  s i t e s  h a s  been s e l e c t e d  by t h e  A l e u t i a n  P r i b i l o f f  N a t i v e  

' C o r p o r a t i o n  and  t h e  S t .  George N a t i v e  A s s o c i a t i o n  under t e rms  o f  t h e  
Alaska  N a t i v e  Claims S e t t l e m e n t  Act (ANCSA). 

Genera l  geo logy  

The hydro thermal  a c t i v i t y  on t h e  i s l a n d  i s  probab ly  a s s o c i a t e d  i n  
l a r g e  p a r t  w i t h  on-going vo lcan i sm.  Three  a c t i v e  v o l c a n o e s  dominate  
t h e  i s l a n d ,  t h e  l a r g e s t  o f  which i s  Okmok C a l d e r a .  
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Okmok C a l d e r a ,  l o c a t e d  on t h e  n o r t h e a s t  end of Umnak I s l a n d  
( f i g .  l o ) ,  i s  a  l a r g e  s h i e l d - f o r m  s t r a t o v o l c a n o  w i t h  a 10-km-dia 
c e n t r a l  c o l l a p s e  c a l d e r a .  The v o l c a n o  i s  composed of g e n t l y  o u t -  
ward-dipping b a s a l t i c  f l o w s  and i n t e r b e d d e d  p y r o c l a s t i c  r o c k s  (Byers ,  
1 9 5 9 ) .  Numerous s u b s i d i a r y  c i n d e r  c o n e s  and s m a l l  p a r a s i t i c  (mos t ly  
b a s a l t i c )  v o l c a n o e s  o c c u r  on t h e  f l a n k s  and w i t h i n  t h e  c a l d e r a .  
Rocks of a n d e s i r i c  t o  l a t i t i c  c o m p o s i t i o n  form a  few d i k e s ,  p l u g s ,  
and s t u b b y  l a v a  f l o w s  and o c c u r  a s  f ragments  i n  t h e  p y r o c l a s t i c  r o c k s  
o f  t h e  Okmok V o l c a n i c s  (Byers ,  1 9 5 9 ) .  R h y o l i t e  a p p e a r s  t o  be  
r e s t r i c t e d  t o  one e l o n g a t e d  dome on t h e  o u t e r  n o r t h w e s t e r n  s l o p e  of 
Okmok C a l d e r a .  

Lack o f  any  s i g n i f i c a n t  g l a c i a l  e r o s i o n  i n d i c a t e s  Okmok C a l d e r a  
formed s i n c e  t h e  l a s t  major  g l a c i a t i o n  on Umnak I s l a n d .  On t h e  b a s i s  
of  v o l c a n i c  a s h - s o i l  s t r a t i g r a p h y  and carbon-14 d a t i n g  o f  s o i l  h o r i -  
zons  from t h e  sou thwes t  end o f  Umnak I s l a n d ,  B lack  (1975) p l a c e d  
c a l d e r a  f o r m a t i o n  a t  8 , 2 5 0  y r  B.P. Okmok C a l d e r a  h a s  remained v e r y  
a c t i v e ,  e r u p t i n g  a t  l e a s t  1 0  times s i n c e  1700 ( C o a t s ,  1 9 5 0 ) .  According 
t o  l o c a l  i n f o r m a n t s ,  s e v e r a l  e r u p t i o n s  o c c u r r e d  d u r i n g  t h e  l a s t  decade .  
An enormous s team plume emanates  from t h e  wes t  end of t h e  c a l d e r a  and 
new l a v a  f l o w s ,  e r u p t e d  s i n c e  1945,  c o v e r  p a r t s  o f  t h e  c a l d e r a  f l o o r  
( C .  Nye, p e r s .  cornm.) . 

Mount V s e v i d o f ,  a  2,150-m-high s t r a t o v o l c a n o  l y i n g  sou thwes t  o f  
Okmok C a l d e r a ,  h a s  e r u p t e d  a t  l e a s t  f i v e  t i m e s  s i n c e  1700 ( C o a t s ,  1 9 5 0 ) .  
The dominant l i t h o l o g i e s  of Vsevidof  a r e  b a s a l t i c  a n d e s i t e  and a n d e s i t e  
w i t h  s u b o r d i n a t e  b a s a l t  and r h y o l i t e  ( B y e r s ,  1 9 5 9 ) .  Mount Recheshnoi ,  
a d e e p l y  e roded  1,985-m-high s t r a t o v o l c a n o  e a s t  o f  Mount Vsev idof ,  h a s  
no h i s t o r i c a l l y  r e c o r d e d  e r u p t i o n s .  It  was t h e  s o u r c e  of a l e a s t  one 
l a v a  f low t h a t  r eached  t h e  s e a  a s  r e c e n t l y  a s  a b o u t  3 ,000 y e a r s  ago 
(Black,  1 9 7 5 ) .  The v o l c a n o  i s  composed c h i e f l y  o f  a n d e s i t i c  f lows  
i n t e r l a y e r e d  w i t h  p y r o c l a s t i c s  (Byers ,  1 9 5 9 ) .  

The v o l c a n i c  r o c k s  o f  c e n t r a l  Umnak mark a f o u r t h  much-older c e n t e r  
o f  vo lcan i sm on t h e  i s l a n d .  The i n i t i a l  forms o f  t h e  v o l c a n o e s  have 
been c o m p l e t e l y  o b l i t e r a t e d  by s u b s e q u e n t  e r o s i o n .  The r o c k s  a r e  com- 
posed o f  midd le  T e r t i a r y  t o  e a r l y  Q u a t e r n a r y  l a v a  f l o w s ,  v e n t  b r e c c i a s ,  
and a s s o c i a t e d  i r r e g u l a r  s h a l l o w  i n t r u s i v e  b o d i e s  t h a t  a r e  h y d r o t h e r m a l l y  
a l t e r e d  i n  p l a c e s .  The a r e a l  e x t e n t  o f  t h e  c e n t r a l  Umnak I s l a n d  v o l c a n i c s  
i s  unknown because  t h e y  a r e  covered b o t h  t o  t h e  n o r t h e a s t  and t o  t h e  
sou thwes t  by Q u a t e r n a r y  l a v a s  of Okmok C a l d e r a  and Mount Recheshnoi ,  
r e s p e c t i v e l y .  The v o l c a n i c s  a p p e a r  t o  be u n d e r l a i n  by T e r t i a r y  p l u t o n i c  
r o c k s  and a l b i t i z e d  s e d i m e n t a r y  r o c k s .  

Thermal a r e a s  

Numerous t h e r m a l  s p r i n g s ,  g e y s e r s ,  and f u m a r o l e s  o c c u r  on Umnak 
I s l a n d .  Thermal s p r i n g s  i n  t h r e e  a r e a s  of c e n t r a l  Umnak I s l a n d  were  
examined by Byers  and Brannock (1949) :  s o u t h  of Hot S p r i n g s  Cove, 
s o u t h e a s t  o f  Geyser B i g h t ,  and i n  t h e  s m a l l  unnamed v a l l e y  t h a t  d r a i n s  
e a s t w a r d  a c r o s s  t h e  n a r r o w e s t  p a r t  of Umnak I s l a n d  ( f i g .  1 0 ) .  The 
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Figure 10. Generalized geology of Unmak Island. 



Okmok C a l d e r a ,  l o c a t e d  on  t h e  n o r t h e a s t  end o f  Umnak I s l a n d  
( f i g .  l o ) ,  i s  a l a r g e  s h i e l d - f o r m  s t r a t o v o l c a n o  w i t h  a 10-km-dia 
c e n t r a l  c o l l a p s e  c a l d e r a .  The v o l c a n o  i s  composed of g e n t l y  o u t -  
ward-dipping b a s a l t i c  f l o w s  and i n t e r b e d d e d  p y r o c l a s t i c  r o c k s  (Byers ,  
1 9 5 9 ) .  Numerous s u b s i d i a r y  c i n d e r  c o n e s  and s m a l l  p a r a s i t i c  (mos t ly  
b a s a l t i c )  v o l c a n o e s  o c c u r  on t h e  f l a n k s  and w i t h i n  t h e  c a l d e r a .  
Rocks o f  a n d e s i t i c  t o  l a t i t i c  c o m p o s i t i o n  form a few d i k e s ,  p l u g s ,  
and s t u b b y  l a v a  f l o w s  and o c c u r  a s  f r a g m e n t s  i n  t h e  p y r o c l a s t i c  r o c k s  
o f  t h e  Okmok V o l c a n i c s  (Byers ,  1 9 5 9 ) .  R h y o l i t e  a p p e a r s  t o  b e  
r e s t r i c t e d  t o  one  e l o n g a t e d  dome on t h e  o u t e r  n o r t h w e s t e r n  s l o p e  o f  
Okmok C a l d e r a .  

Lack o f  any  s i g n i f i c a n t  g l a c i a l  e r o s i o n  i n d i c a t e s  Okmok C a l d e r a  
formed s i n c e  t h e  l a s t  major  g l a c i a t i o n  on Umnak I s l a n d .  On t h e  b a s i s  
o f  v o l c a n i c  a s h - s o i l  s t r a t i g r a p h y  and  carbon-14 d a t i n g  of s o i l  h o r i -  
zons  f rom t h e  sou thwes t  end o f  Umnak I s l a n d ,  Black (1975) p l a c e d  
c a l d e r a  f o r m a t i o n  a t  8 , 2 5 0  y r  B.P.  Okmok C a l d e r a  h a s  remained v e r y  
a c t i v e ,  e r u p t i n g  a t  l e a s t  1 0  times s i n c e  1700 (Coa t s ,  1950) .  According 
t o  l o c a l  i n f o r m a n t s ,  s e v e r a l  e r u p t i o n s  o c c u r r e d  d u r i n g  t h e  l a s t  decade .  
An enormous s team plume emanates  from t h e  west end of t h e  c a l d e r a  and 
new l a v a  f l o w s ,  e r u p t e d  s i n c e  1945 ,  c o v e r  p a r t s  of t h e  c a l d e r a  f l o o r  
(C. Nye, p e r s .  comm.). 

Mount Vsev idof ,  a  2,150-m-high s t r a t o v o l c a n o  l y i n g  sou thwes t  of 
Okmok C a l d e r a ,  h a s  e r u p t e d  a t  l e a s t  f i v e  t i m e s  s i n c e  3.700 ( C o a t s ,  1 9 5 0 ) .  
The dominant l i t h o l o g i e s  o f  Vsevidof  a r e  b a s a l t i c  a n d e s i t e  and a n d e s i t e  
w i t h  s u b o r d i n a t e  b a s a l t  and r h y o l i t e  ( B y e r s ,  1 9 5 9 ) .  Mount Recheshnoi ,  
a  d e e p l y  e roded  1,985-m-high s t r a t o v o l c a n o  east o f  Mount V s e v i d o f ,  h a s  
no h i s t o r i c a l l y  r e c o r d e d  e r u p t i o n s .  It w a s  t h e  s o u r c e  of a l e a s t  one 
l a v a  f l o w  t h a t  r eached  t h e  s e a  a s  r e c e n t l y  as a b o u t  3 ,000 y e a r s  ago 
(Black ,  1 9 7 5 ) .  The vo lcano  i s  composed c h i e f l y  o f  a n d e s i t i c  f l o w s  
i n t e r l a y e r e d  w i t h  p y r o c l a s t i c s  (Byers , 1959) . 

The v o l c a n i c  r o c k s  o f  c e n t r a l  Urnnak mark a f o u r t h  much-older c e n t e r  
o f  vo lcan i sm on t h e  i s l a n d .  The i n i t i a l  forms o f  t h e  v o l c a n o e s  have 
been c o m p l e t e l y  o b l i t e r a t e d  by subsequen t  e r o s i o n .  The r o c k s  a r e  com- 
posed o f  midd le  T e r t i a r y  t o  e a r l y  Q u a t e r n a r y  l a v a  f l o w s ,  v e n t  b r e c c i a s ,  
and a s s o c i a t e d  i r r e g u l a r  s h a l l o w  i n t r u s i v e  b o d i e s  t h a t  a r e  h y d r o t h e r m a l l y  
a l t e r e d  i n  p l a c e s .  The a r e a l  e x t e n t  o f  t h e  c e n t r a l  Umnak I s l a n d  v o l c a n i c s  
is  unknown because  t h e y  a r e  covered  b o t h  t o  t h e  n o r t h e a s t  and t o  t h e  
sou thwes t  by Q u a t e r n a r y  l a v a s  o f  Okmok C a l d e r a  and Mount Recheshnoi ,  
r e s p e c t i v e l y .  The v o l c a n i c s  a p p e a r  t o  be u n d e r l a i n  by T e r t i a r y  p l u t o n i c  
r o c k s  and a l b i t i z e d  s e d i m e n t a r y  r o c k s .  

Thermal a r e a s  

Numerous t h e r m a l  s p r i n g s ,  g e y s e r s ,  and fumaro les  o c c u r  on Umnak 
I s l a n d .  Thermal s p r i n g s  i n  t h r e e  a r e a s  o f  c e n t r a l  Umnak I s l a n d  were  
examined b y  Byers  and Brannock (1949) :  s o u t h  o f  Hot S p r i n g s  Cove, 
s o u t h e a s t  o f  Geyser B i g h t ,  and i n  t h e  small unnamed v a l l e y  t h a t  d r a i n s  
e a s t w a r d  a c r o s s  t h e  n a r r o w e s t  p a r t  o f  Umnak I s l a n d  ( f i g .  1 0 ) .  The 



s p r i n g s  a r e  l o c a t e d  i n  a l luvium-covered v a l l e y s  t h a t  a r e  u n d e r l a i n  by 
t h e  c e n t r a l  Umnak v o l c a n i c s .  S p r i n g  t e m p e r a t u r e s  were r e p o r t e d  t o  
range  from 470 t o  1 0 l O c ,  w i t h  most of t h e  s p r i n g s  hav ing  t e m p e r a t u r e s  
above 8 5 O ~ .  Byers  and Brannock (1949) e s t i m a t e d  t h e  t o t a l  h e a t  c a r r i e d  
away by t h e s e  t h e r m a l  s p r i n g s  a t  6 ,350 k c a l l s e c  (26  MW). 

A s e r i e s  o f  e a s t - w e s t - t r e n d i n g  thermal  s p r i n g s  l o c a r e d  a t  the  base  of 
a  v o l c a n i c  cone w i t h i n  Okmok C a l d e r a  Mere a l s o  examined by Byers and 
Brannock ( 1 9 4 9 ) .  Heat c a r r i e d  away by t h e s e  s p r i n g s  was e s t i m a t e d  a t  
21,000 k c a l / s e c  (88 ~IW). 

Byers  and Brannock (1949) r e p o r t e d  t h e  e x i s t e n c e  o f  numerous fuma- 
r o l e s  a s s o c i a t e d  w i t h  o u t g a s s i n g  from r e c e n t  v o l c a n i c  e r u p t i o n s  w i t h i n  
Okmok C a l d e r a .  Two fumaro les  were a l s o  r e p o r t e d  n e a r  t h e  head o f  Geyser 
Creek,  a p p a r e n t l y  u n r e l a t e d  t o  any r e c e n t  e r u p t i o n .  

Although much of t h e  p r e s e n t  s u r f i c i a l  the rmal  a c t i v i t y  w i t h i n  
Okmok C a l d e r a  i s  p r o b a b l y  d e r i v e d  from r e c e n t  v o l c a n i c  l a v a  f l o w s ,  some 
of t h e  i n n e r - c a l d e r a  a c t i v i t y  and p r o b a b l y  a l l  t h e  s u r f i c i a l  t h e r m a l  
a c t i v i t y  l o c a t e d  i n  t h e  c e n t r a l  p a r t  of Umnak I s l a n d  comes from d e e p e r  
hydro thermal  s y s t e m s .  

Avenues t o  such  s u b s u r f a c e  sys tems  a r e  commonly f r a c t u r e s  and f a u l t  
sys tems .  I n  Okmok C a l d e r a ,  t h e s e  f r a c t u r e s  and f a u l t s  p r o b a b l y  developed 
d u r i n g  c a l d e r a  f o r m a t i o n .  I n  t h e  c e n t r a l  p a r t  of t h e  i s l a n d ,  f r a c t u r e s  
are p r o b a b l y  t h e  r e s u l t  o f  t e c t o n i c  s t r e s s .  On t h e  b a s i s  o f  o r i e n t a t i o n s  
o f  v o l c a n i c  f e a t u r e s ,  d i k e s ,  and f a u l t s ,  Nakumura and o t h e r s  (1977) sug- 
g e s t e d  a n  az imuth  of maximum h o r i z o n t a l  compress ive  s t r e s s  f o r  Umnak 
I s l a n d  o f  N.  65  + 20° W .  T h i s  t r e n d  i s  roughly  i n  t h e  d i r e c t i o n  of con- 
v e r g e n c e  b e t w e e n t h e  North American and P a c i f i c  t e c t o n i c  p l a t e s  (N. 45' W.) 
i n  t h i s  s e c t o r  o f  t h e  A l e u t i a n  Chain a s  de te rmined  by Nakamura and o t h e r s  
(1977) .  I n t e r e s t i n g l y ,  Geyser Creek v a l l e y ,  which c o n t a i n s  o v e r  1 5  t h e r -  
m a l  s p r i n g s  and g e y s e r s ,  i s  a l s o  o r i e n t e d  N.  45O W .  These s i m i l a r i t i e s  
s u g g e s t  t h a t  f r a c t u r e s  c r e a t e d  by t e c t o n i c  s t r e s s e s  ex tend  t o  g r e a t  d e p t h s  
and t h u s  p r o v i d e  c o n d u i t s  f o r  t h e  c i r c u l a t i o n  of s u r f a c e  waters th rough  
deep-sea ted  h o t  r o c k s .  

The s o u r c e  o f  h e a t  d r i v i n g  t h e  hydro thermal  sys tem p r o b a b l y  comes 
i n  l a r g e  d e g r e e  from s h a l l o w  magma chambers and t h e  h o t  r o c k s  s u r r o u n d i n g  
them. Evidence f o r  a t  l e a s t  one such  chamber comes from t h e  s i z e  and 
you th  o f  t h e  Okmok C a l d e r a .  Such c a l d e r a s  imply t h e  e x i s t e n c e  o f  l a r g e  
s h a l l o w  magma chambers w i t h  immense amounts o f  r e s i d u a l  h e a t .  

During t h e  summer o f  1930 t h e  DGGS f i e l d  p a r t y  examined t h r e e  o f  t h e  
t h e r m a l  a r e a s  on Umnak: Geyser B i g h t ,  Hot S p r i n g s  Cove, and P a r t o v  
Cove. 



GEYSER BIGHT 

L o c a t i o n  

L a t i t u d e  53'13' N . ,  l o n g i t u d e  168'28' W .  ; Umnak 1 :250 ,000  Quad- 
r a n g l e  (1951) ; T .  80  s . ,  R .  133  W . ,  Seward M e r i d i a n .  

Genera l  d e s c r i p t i o n  

The t h e r m a l  a r e a  c o n s i s t s  o f  f i v e  t h e r m a l  s p r i n g  s i t e s  t h a t  a r e  
2 d i s p e r s e d  o v e r  a b o u t  4 km on t h e  f l o o r  and  a t  t h e  head o f  a  prominent  

g l a c i a l  v a l l e y  t h a t  t r e n d s  southward from Geyser  Bigh t  ( f i g .  1 1 ) .  The 
s p r i n g s  m o s t l y  o c c u r  a l o n g  Geyser Creek a n d , i t s  t r i b u t a r i e s ,  and emerge 
f rom a l l u v i u m  and c o l l u v i u m  a t  t h e  b a s e  o f  s t e e p  v a l l e y  walls. I n  a d d i -  
t i o n ,  two small fumaro le  f i e l d s  a r e  s i t u a t e d  a t  e l e v a t i o n s  o f  240 m and 
300 m i n  a  s m a l l  t r i b u t a r y  v a l l e y  a t  t h e  h e a d w a t e r s  o f  t h e  w e s t  f o r k  of 
Geyser  Creek.  The Geyser  Bigh t  h o t - s p r i n g  s i t e  i s  t h e  h o t t e s t  and most 
e x t e n s i v e  t h e r m a l - s p r i n g s  a r e a  i n  A l a s k a .  

F i g u r e  11. L o c a t i o n  map f o r  Geyser B i g h t ,  Hot S p r i n g s  Cove, and P a r t o v  
h o t  s p r i n g s .  



The g l a c i a t e d  rugged r i d g e s  t h a t  f l a n k  t h e  U-shaped v a l l e y  r i s e  t o  
610 m;  t h e  a d j a c e n t  r e g i o n s  n o t  covered  by r e c e n t  v o l c a n i c  r o c k s  show 
a d d i t i o n a l  s i g n s  o f  i n t e n s e  g l a c i a l  e r o s i o n .  The two l a r g e  s t r a t o v o l c a n o e s ,  
Mounts Vsevidof and Recheshnoi ,  l i e  sou thwes t  o f  t h e  s p r i n g s  s i t e  and a r e  
p a r t i a l l y  mant led by g l a c i e r s  t h a t  f i l l  e r o s i o n a l  r a v i n e s  c u t  i n t o  t h e  
f l a n k s  o f  t h e  v o l c a n o .  Two of  t h e s e  narrow r i b b o n s  of i c e  descend t o  a n  
e l e v a t i o n  o f  a b o u t  90 m.  

The f l o o r  of t h e  v a l l e y  i s  marshy and c o n t a i n s  s e v e r a l  s m a l l  ponds,  
m o s t l y  l o c a t e d  beh ind  a  s e r i e s  of beach  dunes  t h a t  o c c u r  n e a r  t h e  s e a c o a s t .  
Lush,  t h i c k  t u n d r a  v e g e t a t i o n  b l a n k e t s  t h e  v a l l e y  up t o  e l e v a t i o n s  of a b o u t  
300 m. 

The Geyser Bigh t  h o t - s p r i n g s  s i t e  i s  v e r y  remote  and a c c e s s  i s  d i f f i -  
c u l t .  The DGGS f i e l d  p a r t y  reached  t h e  a r e a  v i a  c h a r t e r e d  v e s s e l  from 
Unalaska.  High s u r f  c o n d i t i o n s  c a n  sometimes r e n d e r  t h e  Geyser Bigh t  
beach u n s a f e  f o r  small b o a t  l a n d i n g s .  The s p r i n g s  a r e a  c a n  a l t e r n a t i v e l y  
b e  reached  by l o n g  o v e r l a n d  t r e k s  from e i t h e r  F o r t  Glenn o r  N i k o l s k i ,  
l o c a t e d  a t  e i t h e r  end of Umnak I s l a n d .  

Geology 

T e r t i a r y  bedded v o l c a n i c  r o c k s  of c e n t r a l  Umnak, h y d r o t h e r m a l l y  
a l t e r e d  i n  p l a c e s ,  a r e  exposed a l o n g  t h e  lower  s e c t i o n s  o f  t h e  v a l l e y  
walls s u r r o u n d i n g  t h e  h o t - s p r i n g s  s i t e s  (Byers ,  1 9 5 9 ) .  These v o l c a n i c s  
o v e r l i e  T e r t i a r y  d i o r i t e s  t h a t  o u t c r o p  a t  t h e  b a s e  of t h e  w e s t  v a l l e y  
w a l l  a t  i t s  n o r t h e r n  end and a l o n g  t h e  Ber ing  s e a c o a s t  e a s t  and west  
o f  Geyser B i g h t .  The l a t e  T e r t i a r y  and Qua te rnary  v o l c a n i c  r o c k s  of 
Mount Recheshnoi  unconformably o v e r l i e  t h e  c e n t r a l  Umnak v o l c a n i c s .  
The Recheshnoi  v o l c a n i c s ,  exposed i n  t h e  upper  p a r t s  o f  t h e  v a l l e y  w a l l s  
and on t h e  f l a n k s  of t h e  v o l c a n o ,  c o n s i s t  o f  a  t h i c k  sequence of hyper-  
s t h e n e  a n d e s i t i c  f l o w s  c o n t a i n i n g  minor i n t e r b e d d e d  p y r o c l a s t i c  d e p o s i t s .  

The U-shaped Geyser Bigh t  g l a c i a l  v a l l e y  i s  f l o o r e d  w i t h  a n  unknown 
t h i c k n e s s  o f  a l l u v i a l  and c o l l u v i a l  d e p o s i t s .  A 1-km-wide band of  o l d e r  
dune s a n d s  s p a n s  t h e  mouth o f  t h e  v a l l e y  and o c c u r s  immediate ly  s o u t h  o f  
t h e  p r e s e n t  c o a s t l i n e .  

S p r i n g  c h a r a c t e r i s t i c s  

The t h e r m a l - s p r i n g  s i t e s  o c c u r  i n  Geyser Creek V a l l e y  4  t o  7  km 
s o u t h e a s t  of Geyser Bigh t  a t  e l e v a t i o n s  r a n g i n g  from 45 t o  150 m ( f i g s .  
11-16) .  Steam fumaro le  f i e l d s  a r e  s i t u a t e d  on t h e  wes t  s i d e  o f  t h e  e a s t  
f o r k  of Geyser  Creek a t  e l e v a t i o n s  of 240  and 300 m ( f i g s .  11, 1 7 ,  and 1 8 ) .  
Measurements o f  d i s c h a r g e  were  p o s s i b l e  f o r  o n l y  a  few of t h e  the rmal  
s p r i n g  v e n t s ,  b u t  where performed t h e  measured f l o w  r a t e s  were s u b s t a n -  
t i a l l y  lower  (one-half  o r  l e s s )  t h a n  f l o w  r a t e s  r e p o r t e d  f o r  t h e  same 
s p r i n g s  by Byers  and Brannock (1949) ( t a b l e  6 ) .  V i s u a l  e s t i m a t e s  of 
d i s c h a r g e s  a t  o t h e r  the rmal  s p r i n g s  tended t o  v e r i f y  t h e  c o n c l u s i o n  t h a t  
t h e  f l o w  of the rmal  w a t e r s  i n  t h e  v a l l e y  has  d imin i shed  s u b s t a n t i a l l y  
s i n c e  1947.  Although Byers and Brannock (1949) d i d  n o t  r e p o r t  t h e  method 
o r  a c c u r a c y  o f  t h e i r  measurements,  t h e  d i f f e r e n c e s  i n  f low r a t e  a p p e a r  t o  
be t o o  l a r g e  t o  be e x p l a i n e d  by d i f f e r e n c e s  i n  measur ing t e c h n i q u e s .  



F i g u r e  1 2 .  D e t a i l  a t  Geyser Bigh t  s i t e  H .  

Temperatures  a t  t h e  i n d i v i d u a l  s p r i n g  v e n t s  were  s i m i l a r  t o  t h o s e  
measured i n  1947.  However, a l t h o u g h  s l i g h t l y  s u p e r h e a t e d  t e m p e r a t u r e s  
were measured a t  t h e  s e v e r a l  s m a l l  g e y s e r s  t h a t  o c c u r  i n  t h e  v a l l e y ,  t h e  
l e v e l  of g e y s e r i n g  a c t i v i t y  seemed much more subdued t h a n  t h a t  r e p o r t e d  
i n  1947.  

S i t e  H o c c u r s  i n  a  narrow v a l l e y  a t  a n  e l e v a t i o n  o f  a b o u t  150 m ,  
s i t u a t e d  below a  b e a u t i f u l  3-m-high w a t e r f a l l  n e a r  t h e  head o f  t h e  west  
f o r k  o f  Geyser  Creek ( f i g .  1 2 ) .  The s i t e  c o n s i s t s  of two groups  o f  
t h e r m a l  s p r i n g s  a b o u t  100 m a p a r t .  The t h e r m a l  w a t e r s  i s s u e  from 
f i s s u r e s  and p o o l s  i n  t h e  cemented a l l u v i u m ,  c o l l u v i u m ,  and g l a c i a l  
d e b r i s  on b o t h  s i d e s  of t h e  c r e e k  and from f r a c t u r e s  i n  v o l c a n i c  bedrock 
exposed a t  t h e  b a s e  o f  t h e  w a t e r f a l l s .  Tempera tu res  a t  many of  t h e  
s p r i n g  o r i f i c e s  a r e  a t  o r  s l i g h t l y  above b o i l i n g  p o i n t .  S e v e r a l  v e n t s  
e x h i b i t  c o n s i d e r a b l e  e b u l l i t i o n  and f o u n t a i n i n g ;  mi ld  g e y s e r i n g  a c t i v i t y  
o c c u r s  a t  two o r  t h r e e  o f  t h e  v e n t s .  Thermal-spr ing b a s i n s  and o u t f l o w  
c h a n n e l s  were f r e q u e n t l y  c o a t e d  w i t h  s i l i c e o u s  s i n t e r  d e p o s i t s .  The 

, f l o w  r a t e s  measured f o r  s e v e r a l  of t h e  s p r i n g s  a r e  g i v e n  i n  t a b l e  6 w i t h  
1947 rates o f  d i s c h a r g e  i n c l u d e d  f o r  comparison.  

T a b l e  7  g i v e s  t h e  chemica l  compos i t ion  and p h y s i c a l  p r o p e r t i e s  
o f  t h e r m a l  w a t e r s  o b t a i n e d  from s p r i n g s  H 1  and H 6 .  The w a t e r s  a r e  
m o d e r a t e l y  c o n c e n t r a t e d  i n  sodium and c h l o r i d e .  Equipment m a l f u n c t i o n  
p r e v e n t e d  d e t e r m i n a t i o n  of b i c a r b o n a t e .  The s l i g h l y  more d i l u t e  H 1  
w a t e r s  may have r e s u l t e d  from mixing w i t h  ground w a t e r s .  The s p r i n g s  
have s i m i l a r  r a t i o s  ( t a b l e  8 )  o f  sodium t o  c h l o r i d e  and of t h e  c o n s e r v a t i v e  
e l e m e n t s  boron and c h l o r i d e .  



F i g u r e  1 3 .  D e t a i l  a t  Geyse r  B i g h t  s i t e  G .  F i g u r e  1 4 .  D e t a i l  a t  Geyser  
B i g h t  s i t e  J. 
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F i g u r e  15. D e t a i l  a t  Geyser  B i g h t  s i t e  K.  F i g u r e  1 6 .  D e t a i l  a t  Geyser 
B i g h t  s i t e  L ( a t  r i g h t ) .  



F i g u r e  1 7 .  Detai l  a t  Geyser  B i g h t  s i t e  F 1 .  F i g u r e  1 8 .  Deta i l  a t  Geyse r  
B i g h t  s i t e  F 2 .  

7 S p r i n g  A l l  T e r n p a r a t u r e a  i n  a C 

( ( I  S e e p s  
A l l  C o n d o c t i v i t i e a  i n  p r n h o a / c m .  

G e y s e r s  & F o u n t a i n .  

0 F u m a r o l e s  & S t e a m  V e n t s  A l l  F l o w s  i n  l i t a r a / r n i n .  

F1 F2 

H y d r o t h e r m a l  0.5 km t o  H 

B u ~ n  R~rn 20 m. 

above 9tIe.m. 

S i u  u tn 200 m. dvmaur 

n p p m x ~ ~ t c l y  clreulu b u m .  

Srenm$na Sad 73.2' 

N u m e r o u s  

10 1 5 r n  

0 5 0  1 0 0  150111 0 200 400ft 
I 18 



Table 6 .  Data on thermal  s p r i n g s ,  Geyser Bight .  
DGGS d i s c h a r g e  measurements made wi th  s t anda rd  
pygmy f lowmeter ;  f lows v i s u a l l y  e s t ima ted  a r e  i n  
pa ren theses .  

1980 1947a 
Thermal Q u a l i t y  of Flow 

s p r i n g  ~ c t i v i t y '  T (OC) Flow (lpm) measurement T (OC) Flow (lpm) 

g 
s P 
s P 
s P 
P 
S 

SP, s 
P 
g 
P 
P 
P 
SPY s 

(30) v i s .  e s t .  
300 good (5%) 
100 poor ( 10%) 
(60) v i s .  e s t .  
4 5 poor ( 10%) 

w i t h i n  a sma l l  c ave rn  
3 0 poor ( 10%) 
7 0 f a i r  ( 10%) 
(20) v i s .  e s t .  
(5) v i s .  e s t .  
16  poor ( 10%) 
(5 ) v i s .  est . 
2 0 poor ( 10%) 

not: found 
7 5b poor ( 10%) 
nd nd 
nd nd 
nd nd 

n o t  p o s s i b l e  
s eeps  v i s .  e s t .  
(10) v i s .  es t .  
(5 1 v i s .  e s t  . 
(15) v i s .  e s t  . 
(15) v i s .  e s t .  
nd nd 
2 00 poor ( 10%) 
(25) v i s .  e s t .  

n r  
660 
600 
none 
340 
8 5 
66 
260 
260 
6 
18  
3 6 
8 0 
85 
170 
6 
17 0 
170 
720 
n r 
nr  
n r 
n r  
n r 
250 
170 
n r 

aByers and Brannock, 1949 
bmeasured a t  h e i g h t  of geyser  c y c l e  
C g ,  geyse r ;  f ,  f o u n t a i n i n g ;  e b ,  e b u l l i e n t  b o i l i n g ;  p ,  poo l ;  s p ,  s p r i n g ;  s ,  seep  
n r  = n o t  r e p o r t e d ;  nd = n o t  done; v i s .  e s t ,  = v i s u a l l y  e s t ima ted  



SIOZ 
hl 
Fe 
Ca 
rep 
Ha 
K 
Li 
HC03 
so4 
C1 
F 
Br 
I 
B 
H2S 
S r  
pH, f i e l d  
Disso lved  s o l i d s  
Hardness (mg/l  CaCOj) 
Sp conductance  (pmho/cm a c  2S°C) 
T (OC) 
Flow r a c e  (lpm) 
Date aampled 

Table 7. Chemical campoeicion and phyulca l  p r u p e r t i e s  of 
Geyser Bight thermal  s p r i n g s  

( a l l  chemical a n a l y s e s  i n  mg/l). 

S i t e  

H 1  H6 G6 C8 C8A 3 K L 

170 190 178 270 63 272 148 160 
nd nd nd nd nd nd nd nd 
0.03 0.04 0.05 0 . 0 5  0 .09  0.05 0.07 0.08 
33.2 36.2 22.9 19 .3  9 . 8  1 9 . 1  25.1 39.7 
0.26 0.07 1 . 2  0.15 3.8 0 .01  2.8 1 .4  
355 442 248 487 28.5 447 179 280 
16 .3  19.9 1 7 . 1  30.9 3 .6  31.7 13 .9  20.1 
2 . 8  3.4 1 . 7 8  3 . 9  0.13 3.5 1 . 1 8  1 . 7 8  
nd nd nd 146 nd 113 266 262 
131 154 96.5 170 132 168 63.6 90 .3  
492 591 339 630 35 591 225 370 
1 .27  1 .55  0.9 2 . 3  0 .13  2.4 0.9 1 .6  
1 .68  1 . 9 2  1.09 2 . 2 0  nd 2.13 1.22 1.07 
1.1 1 . 2  0.7 1.1 nd 1 . 0  0 .5  0.7 
51.5 58 .3  15 60 2 . 3  50 1 8 . 8  30 
0.29 nd nd nd nd nd nd 0 .5  
0.23 0 . 2 1  0.07 0 . 1  0 .04  0.08 0 . 1 3  0.24 
7.30 7.32 7.54 8 . 0 0  2 .80  7.62 7 .83  6 .85  
1254.6 1499.8 922.3 1823.0 278.4 1701.0 946.2 1259.0 
84 .3  90 .9  62.2 48.9 40.16 47.8 74.4 105.2 
1975 2400 1425 2500 595 2450 1080 1600 
100.3 99.9 97.3 1 0 0 . 1  98.2 82 .0  6 2 85.5 
300 3 0 2 0 7 5 nd nd nd 200 
7/25/80 7 /25/80  7/26/80 7 /26/80  7 /28/80  7/26/80 7 /25/80  7\25/80 

nd - n o r  de termined .  



T a b l e  8 .  R a t i o s  of s e l e c t e d  c h e m i c a l  c o n s t i t u e n t s  t o  c h l o r i d e s  
i n  Geyser Bigh t  t h e r m a l  s p r i n g s  

R a t i o  H 1  H 6 G  6 G 8  J K L G 8 A  ---- ---- 

S i t e  G i s  l o c a t e d  i n  t h e  n o r t h e a s t  c o r n e r  o f  t h e  main g l a c i a l  
v a l l e y  above t h e  east bank o f  Geyser  Creek ( f i g .  1 1 ) .  Two groups  o f  
t h e r m a l  s p r i n g s  emerge a t  t h e  b a s e  and on t h e  lower  s l o p e s  o f  t h e  e a s t  
v a l l e y  w a l l  ( f i g .  1 3 ) .  The t h e r m a l  w a t e r s  emanate from numerous s m a l l  
p o o l s ,  o r i f i c e s  and s e e p s  i n  t h e  cemented a l l u v i u m  and c o l l u v i u m .  
S e v e r a l  s m a l l  s t eam v e n t s  a l s o  o c c u r  i n  t h e  a r e a ,  which i n d i c a t e s  s t eam 
i s  s e p a r a t i n g  below t h e  s u r f a c e .  The most prominent  t h e r m a l  s p r i n g ,  G 8 ,  
i s  a g e y s e r  whose e r u p t i o n  c y c l e  i s  a b o u t  LO t o  11 min. l o n g .  Waters 
f i l l  a  20-cm-deep, 1-m-dia b a s i n  c o a t e d  w i t h  s i l i c e o u s  s i n t e r .  E b u l l i -  
t i o n  rises t o  10-15 c m  above a v e r a g e  w a t e r  l e v e l  d u r i n g  t h e  p e r i o d  o f  
maximum a c t i v i t y .  

Thermal w a t e r s  from G 6  and G 8  a r e  c h e m i c a l l y  similar t o  t h o s e  a t  
s i t e  H ( t a b l e  7 ) -  The s i l i c a  c o n t e n t  o f  G 8 ,  however, is  c o n s p i c u o u s l y  
h i g h e r .  The a c i d  s p r i n g  G 8 A  is low i n  c h l o r i d e  and p robab ly  r e s u l t s  from 
t h e  c o n d e n s a t i o n  of s t eam s e p a r a t i n g  from w a t e r s  r i s i n g  i n  t h e  c o n d u i t s  
f e e d i n g  G 8 .  The h i g h  a c i d i t y  p r o b a b l y  r e s u l t s  from t h e  n e a r - s u r f a c e  
o x i d a t i o n  of hydrogen s u l f i d e .  

An a n a l y s i s  o f  g a s e s  o b t a i n e d  from s p r i n g  G 6  a p p e a r s  i n  t a b l e  9 .  
The h i g h  n i t r o g e n  c o n t e n t  i n d i c a t e s  a c o n s i d e r a b l e  amount o f  a i r  con- 
t a m i n a t i o n ,  p e r h a p s  from a i r  d i s s o l v e d  i n  t h e  c i r c u l a t i n g  ground w a t e r .  
The oxygen i s  p r o b a b l y  s e l e c t i v e l y  removed i n  o x i d a t i o n  r e a c t i o n s  o f  
H2S and o t h e r  c o n s t i t u e n t s ;  t h e  poo l  a d j a c e n t  t o  G 6  h a s  a  pH o f  3 .63 .  
Carbon d i o x i d e  i s  t h e  major  a c t i v e  g a s ,  b u t  a measurab le  amount o f  
hydrogen emerges w i t h  t h e  s p r i n g  w a t e r s .  

S i t e  J o c c u r s  i n  t h e  s o u t h w e s t  c o r n e r  o f  t h e  v a l l e y  a c r o s s  from 
s i t e  G .  The most prominent  t h e r m a l  s p r i n g  a t  t h e  s i t e ,  J1, emanates  
f rom a 5-m-deep funnel-shaped aquamarine  b l u e  poo l  s e t  i n t o  t h e  v a l l e y  
a l l u v i u m  ( f i g .  1 4 ) .  Smal l  mounds o f  f r e s h  s i l i c a  s i n t e r  r i m  t h e  p e r i -  
meter of t h e  3-m-dia 8 2 ' ~  p o o l ,  w i t h  o u t f l o w  c a s c a d i n g  o v e r  a broad 
a p r o n  o f  s i l i c e o u s  s i n t e r  e a s t  o f  t h e  p o o l .  The s i z e  of t h e  s i l i c a  
apron  s u g g e s t s  t h a t  s p r i n g  f l o w  from t h e  p o o l  was much g r e a t e r  a t  one 



t i m e .  Low rumbling c o n c u s s i o n s  c o u l d  be  h e a r d  b e n e a t h  t h e  ground s u r -  
f a c e  i n  t h e  v i c i n i t y  of J1. The c h e m i s t r y  o f  w a t e r s  from J1 a r e  s t r i k -  
i n g l y  s i m i l a r  t o  t h a t  of G 8  and i n d i c a t e s  a common s o u r c e  ( t a b l e  7 ) .  

Tab le  9 .  Chemical compos i t ion  o f  g a s  sample from 
Geyser  Bigh t  t h e r m a l  s p r i n g  G6 

( a n a l y s e s  i n  volumer p e r ~ e n t ) . ~  

Volume (%) 

aW. Evans,  a n a l y s t ,  USGS, Menlo P a r k ,  CA. 

Other  s p r i n g s  i n  t h e  v i c i n i t y  o f  J1 o c c u r  a l o n g  t h e  s l o p e  b r e a k  
a t  t h e  b a s e  o f  t h e  sou thwes t  v a l l e y  w a l l  d i s p e r s e d  o v e r  a  d i s t a n c e  of 
250 m.  The s p r i n g s  t y p i c a l l y  emerge from p o o l s  r a n g i n g  from 0 .5  t o  2 .5  m 
i n  d i a m e t e r  w i t h  deep funnel-shaped bot toms set i n t o  v a l l e y  a l l u v i u m .  
S e v e r a l  a d d i t i o n a l  s m a l l  s p r i n g s  and s e e p s  o c c u r  i n  a  small t r i b u t a r y  
v a l l e y  l o c a t e d  a b o u t  0 .5  km above s i t e  J and a r e  l a b e l e d  Q i n  f i g .  11. 

S i t e  K i s  l o c a t e d  4.75 km i n l a n d  from Geyser Bigh t  i n  t h e  a l l u v i u m  
o f  Geyser Creek v a l l e y .  The s p r i n g s  l i e  n e a r  t h e  c e n t e r  o f  t h e  v a l l e y  
and a p p e a r  t o  f l o w  d i r e c t l y  o u t  of t h e  a l l u v i u m .  Thermal w a t e r s ,  6 2 ' ~ ~  
emerge i n  a n  oval-shaped p o o l ,  2 .5  m wide ,  4  m l o n g ,  and up t o  1 . 5  m 
deep ,  and f l o w  down a  s t r a i g h t ,  narrow c h a n n e l  20 m l o n g  and 0 . 3  m wide 
i n t o  two s u c c e s s i v e  l a r g e  o v a l  p o o l s  ( f i g .  1 5 )  t h a t  were covered  w i t h  
a  t h i c k  l a y e r  o f  d a r k  a l g a l  growth.  Overflow from t h e s e  p o o l s  s p i l l s  
i n t o  a n e a r b y  c o l d  s t r e a m .  A f o u r t h  i r r e g u l a r l y  shaped s m a l l  poo l  w i t h  
43OC w a t e r  a l s o  d r a i n s  i n t o  t h e  c o l d  stream a t  t h e  same p o i n t .  The main 
poo l  and t h e  rest of t h e  d r a i n a g e  sys tem was c logged  w i t h  t h i c k ,  d a r k  
a l g a l  growth.  A t e m p e r a t u r e  of 5g°C f o r  t h e  f i r s t  of  t h e  l a r g e r  o v a l  
p o o l s  i n d i c a t e s  a d d i t i o n a l  i n f l u x e s  o f  h o t  w a t e r  h e r e .  

Almost d i r e c t l y  a c r o s s  from s i t e  K ,  tucked i n  a n  i n d e n t a t i o n  o f  
t h e  n o r t h e a s t  s i d e  o f  t h e  v a l l e y ,  i s  h o t - s p r i n g - s i t e  L ( f i g .  1 1 ) .  The con- 
c a v i t y  of t h e  ho l low i n  which t h e  s i t e  i s  l o c a t e d ,  p l u s  t h e  warmth, s o f t n e s s ,  
and muddiness o f  t h e  s o i l  i n  and a round  t h e  s p r i n g s  s u g g e s t  t h e  a r e a  i s  
t h e  s i t e  o f  a s m a l l  s h a l l o w  slump o r  l a n d s l i d e  due t o  l o o s e n i n g  o f  sub- 
s u r f a c e  material by t h e  i n j e c t i o n  o f  warm w a t e r .  S e v e r a l  s m a l l  s p r i n g s  



o c c u r  a round  t h e  upper  back w a l l  o f  t h e  d e p r e s s i o n  and a  few muddy s e e p s  
o c c u r  a t  i t s  c e n t e r  ( f i g .  1 6 ) .  Nine v e n t s  t h a t  e m i t t e d  44.50 t o  92.20C 
w a t e r  were  d i s t i n g u i s h e d .  The s p r i n g  o f  g r e a t e s t  a c t i v i t y  w a s  l o c a t e d  
a t  t h e  f a r  s o u t h  s i d e  of t h e  s i t e .  From i t  85.50C w a t e r  bubbled up and 
f lowed down a nar row c h a n n e l  t o  a  p o o l  20 m l o n g ,  7 m wide,  and up t o  
1 m d e e p .  The p o o l  s u p p o r t s  abundant  b a c t e r i a  and a l g a l  f l o r a .  D i s -  
c h a r g e  from t h e  n i n e  v e n t s  t o t a l e d  200 lpm. 

The c h e m i s t r y  o f  t h e r m a l  w a t e r s  f rom s i t e s  K and L a r e  s i m i l a r  
( t a b l e  7 ) .  Both a r e  m i l d l y  c o n c e n t r a t e d  i n  sodium c h l o r i d e  and have a 
h i g h  level  o f  b i c a r b o n a t e .  

The c h e m i c a l  a n a l y s e s  o f  Geyser  B i g h t  t h e r m a l  w a t e r s  g i v e n  i n  
t a b l e  7  compare w e l l  w i t h  a n a l y s e s  on w a t e r s  f rom two of  t h e  s p r i n g s  
r e p o r t e d  by Byers  and Brannock (1949) and t o  more r e c e n t  USGS a n a l y s e s  
o f  w a t e r s  c o l l e c t e d  f rom s e v e r a l  o f  t h e  s p r i n g s  i n  1973 (I .  B a r n e s ,  
unpub. d a t a ) .  The t h e r m a l  w a t e r s  a r e  a l l  m o d e r a t e l y  c o n c e n t r a t e d  i n  
sodium and c h l o r i d e  and  a r e  n o t a b l y  h i g h  i n  boron.  The r a t i o s  N a : C l ,  
SO4:Cl, and B:C1 a r e  similar f o r  a l l  t h e r m a l  w a t e r s  sampled i n  1980 
e x c e p t  f o r  t h e  a c i d  s p r i n g  G8A and t h e  B : C 1  i n  G6 ( t a b l e  8 ) .  These 
s i m i l a r i t i e s  i n  t h e  more c o n s e r v a t i v e  c o n s t i t u e n t  r a t i o s  s u g g e s t  t h e  
t h e r m a l  w a t e r s ,  a l t h o u g h  o c c u r r i n g  i n  d i f f e r e n t  l o c a l i t i e s ,  o r i g i n a t e  
from a  common deep r e s e r v o i r .  The K : C 1  r a t i o s  a r e  similar f o r  t h e r m a l  
s p r i n g s  o c c u r r i n g  w i t h i n  t h e  same group ,  b u t  v a r y  s l i g h t l y  between 
g r o u p s .  These  d i f f e r e n c e s  may r e f l e c t  r e e q u i l i b r a t i o n  o f  t h e  w a t e r s  
on a s c e n t  o r  p e r h a p s  v a r y i n g  r e s i d e n c e  times i n  i n t e r m e d i a t e  r e s e r v o i r s .  

The s t r i k i n g  s i m i l a r i t y  i n  c h e m i s t r y  o f  G8 and J 1  i n d i c a t e s  t h e s e  
s p r i n g s  a r e  b e i n g  f e d  d i r e c t l y  from a common r e s e r v o i r .  The s p r i n g s  
l i e  on o p p o s i t e  s i d e s  o f  t h e  upper  v a l l e y ,  which s u g g e s t s  t h a t  such  a  
r e s e r v o i r  may u n d e r l i e  t h e  e n t i r e  v a l l e y  f l o o r  i n  t h i s  v i c i n i t y .  The 
d i f f e r e n c e s  i n  t h e  amount of s i l i c a  and o t h e r  c o n s t i t u e n t s  between t h e  
s p r i n g s  c o u l d  be  due t o  v a r y i n g  amounts of b o i l i n g  w i t h i n  i n d i v i d u a l  
s y s t e m s ,  d i l u t i o n  w i t h  c o l d  ground w a t e r ,  o r  d i f f e r i n g  i n t e r m e d i a t e  
r e s e r v o i r s .  

R e s e r v o i r  p r o p e r t i e s  

T a b l e  1 0  summarizes t h e  a p p l i c a t i o n  of s i l i c a  and c a t i o n  g e o t h e r -  
mometry t o  t h e  DGGS chemica l  a n a l y s e s  o f  v a r i o u s  the rmal  s p r i n g s  o f  
Geyser B i g h t .  A s u l f a t e - w a t e r  oxygen i s o t o p e  geothermometer ,  a l s o  
g i v e n  i n  t a b l e  1 0 ,  i s  a v a i l a b l e  from a  p r e v i o u s  USGS a n a l y s i s  (Nehring 
and o t h e r s ,  1980;  I. B a r n e s ,  unpub.. d a t a ) .  Because most s p r i n g s  a r e  
a t  b o i l i n g ,  T2 = 2 6 4 O ~  i s  s e l e c t e d  as t h e  a p p r o p r i a t e  thermometer under 
c o n d i t i o n s  p r e s c r i b e d  i n  McKenzie and T r u e s d e l l  (1977) .  Because o f  
i t s  much l o n g e r  r e e q u i l i b r a t i o n  t ime  t h a n  e i t h e r  s i l i c a  o r  c a t i o n  geo- 
the rmomete rs ,  t h e  s u l f a t e  geothermometer i s  o f t e n  a  good i n d i c a t o r  o f  
t h e  deep  r e s e r v o i r  t e m p e r a t u r e .  However, because  t h e r e  i s  no o t h e r  
c o n c o r d a n t  geothermometer and because  a d d i t i o n a l  s u l f a t e - w a t e r  oxygen- 
i s o t o p e  d a t a  a r e  l a c k i n g  f o r  Geyser  B i g h t ,  t h e  T2 t e m p e r a t u r e s  a r e  



taken as the maximum in estimating the deep reservoir system. The quartz 
adiabatic and the Na-K-Ca (113) temperatures for J1 are taken as the 
most likely and minimum estimates, respectively: 

Min - Max - Flost Likely Mean 

Subsurface temp (OC) 180 264 186 210 

Table 10. Geyser Bight thermal springs geothermometry 
Call temperatures are in OC). 

Surface temperature 

Site 

H1 HG G6 G8 J K L --- --- 
100.3 99.9 97.3 100.1 82.0 62.0 85.5 

Cation geothermometers 

Silica geothermometers 

Adiabatic 15 9 16 5 162 185 18 6 152 15 6 
Conductive 169 17 6 17 2 201 202 160 165 
Chalcedony 146 15 5 150 184 184 136 14 2 
Christobalite 119 127 122 153 153 110 115 
Opal 4 6 5 3 4 9 7 7 7 7 3 8 4 3 

Sulfate-water oxygen isotope geothermometer, thermal spring G8a 

aFrom Nehring and others, 1980. Temperature estimates are based 
on three different end member cases of water cooling as dis- 
cussed on page 19 of this report. 

Variations in the chemistries and corresponding reservoir geo- 
thermometers for the different spring systems may be due to the degree 
of reequilibration of the deep thermal waters on ascent through the 
feeding conduits or to the degree of dilution with ground waters. Inter- 



m e d i a t e  r e s e r v o i r s  fed  by a  p a r e n t  deep r e s e r v o i r  may a l s o  u n d e r l i e  t h e  
t h r e e  g e o g r a p h i c a l l y  s e p a r a t e  groups  of  s p r i n g s  (H; G and J ;  K and L). 
Such t i e r e d  r e s e r v o i r  sys tems a r e  not  uncommon i n  o t h e r  g e o t h e p a l  sys tems .  
Geothermometry f o r  t h e  i n d i v i d u a l  s p r i n g  groups  s u g g e s t s  t e m p e r a t u r e s  of 
1 5 5 " ~ ,  1 8 5 " ~ ,  and 1 6 5 " ~  f o r  t h e  t h r e e  secondary  r e s e r v o i r s .  

The h o s t  rocks  f o r  t h e  r e s e r v o i r s  may be t h e  T e r t i a r y  c e n t r a l  Umnak 
v o l c a n i c  r o c k s ,  o r  t h e  T e r t i a r y  d i o r i t e s  t h a t  appear  t o  u n d e r l i e  t h e  
c e n t r a l  Umnak v o l c a n i c s ,  o r  b o t h .  No g e o p h y s i c a l  e x p l o r a t i o n  o r  exp lo ra -  
t o r y  d r i l l i n g  h a s  been done,  and t h e  t h i c k n e s s  of v a l l e y  sed iments  and 
d e p t h  t o  bedrock  a r e  unknown. 

Comments 

The Geyser  B i g h t  ho t -wa te r  s y s t e m  c o n s t i t u t e s  t h e  h o t t e s t  and most 
e x t e n s i v e  h y d r o t h e r m a l  c o n v e c t i v e  s y s t e m  known t o  e x i s t  i n  Alaska .  Deep 
r e s e r v o i r  t e m p e r a t u r e s ,  c o n s e r v a t i v e l y  e s t i m a t e d  a t  210°c, may b e  as h o t  
as 2 6 4 O ~ .  The s u r f a c e  e x p r e s s i o n  o f  therr , lal  s p r i n g s ,  g e y s e r s  and fuma- 
r o l e s  s u g g e s t s  t h e  s u b s u r f a c e  r e s e r v o i r  is  l a r g e .  The s y s t e m  c o u l d  b e  
used  f o r  l a r g e - s c a l e  f l a s h - s t e a m  e l e c t r i c  power p r o d u c t i o n  and f o r  a  
v a r i e t y  o f  o t h e r  a p p l i c a t i o n s .  However, t h e r e  a r e  no p r o t e c t e d  deep-water  
h a r b o r s  i n  t h e  a r e a  and few p o t e n t i a l  u s e r s  f o r  s u c h  a  l a r g e  e n e r g y  
r e s o u r c e .  

The o r i g i n  of  t h e  t h e r m a l  e n e r g y  d r i v i n g  t h e  hydro the rmal  c o n v e c t i v e  
s y s t e m  may b e  a s s o c i a t e d  w i t h  t h e  a c t i v e  v o l c a n i s m  t h a t  o c c u r s  on Umnak 
I s l a n d .  Deep f r a c t u r e s  may p r o v i d e  c o n d u i t s  t o  h i g h - t e m p e r a t u r e  r e s e r -  
v o i r s  o v e r l y i n g  c o o l i n g  b o d i e s  o f  magma. 



HOT SPRINGS COVE 

Locat  i o n  

L a t i t u d e  53O14.3' N . ,  l o n g i t u d e  168O21.6' W . ;  Umnak 1:250,000 
Quadrangle  (1951) ; T .  80 S . ,  R .  132 W . ,  Seward l4e r id ian .  

Genera l  d e s c r i p t i o n  

Thermal s p r i n g s  i n  t h e  v i c i n i t y  of Hot S p r i n g s  cove o c c u r  a t  t h e  
beach and a b o u t  1 km i n l a n d ,  s o u t h  o f  t h e  beach a t  t h e  b a s e  o f  t h e  wes t  
s l o p e  of t h e  v a l l e y  t h a t  d r a i n s  nor thward i n t o  t h e  cove ( f i g .  1 1 ) .  The 
t h e r m a l  s p r i n g s  a t  t h e  beach emerge a l o n g  t h e  w e s t e r n  s h o r e l i n e  d u r i n g  
p e r i o d s  o f  low t i d e .  Old beach d u n e s ,  a b o u t  0 .5  km wide ,  span  t h e  l-km- 
wide mouth o f  t h e  v a l l e y  a t  Hot S p r i n g  Cove. 

The s h a l l o w  v a l l e y ,  roughly  0 . 5  km deep and 0 .75 km wide,  c o n t a i n s  
a  b road  open marsh l o c a t e d  behind t h e  beach dunes ,  l u s h l y  v e g e t a t e d  w i t h  
g r a s s e s  and muskeg and sur rounded  by r i d g e s  r i s i n g  t o  600 m.  , R e i n d e e r  
were observed  g r a z i n g  i n  t h e  v a l l e y  and i n  t h e  180-m-high pass t h a t  l e a d s  

L . 
from t h e  s o u t h e a s t  c o r n e r  o f  t h e  v a l l e y  t o  a n  unnamed v a l l e y  t h a t  d r a i n s  
t o  t h e  P a c i f i c  c o a s t .  These v a l l e y s  and t h e  s u r r o u n d i n g  c o u n t r y s i d e  
show t h e  e r o s i o n a l  e f f e c t s  of i n t e n s e  g l a c i a t i o n .  The P a c i f i c  s i d e  
v a l l e y  c o n t a i n s  a n o t h e r  the rmal  s p r i n g  s i t e ,  "Par tov"  h o t  s p r i n g s .  

Hot S p r i n g s  Cove and a d j a c e n t  Stepanof  Cove o f f e r  t h e  o n l y  p r o t e c t e d  
anchorages  a l o n g  t h i s  p o r t i o n  of t h e  Umnak I s l a n d  Ber ing  S e a c o a s t .  DGCS 
reached  t h e  s i t e  v i a  c h a r t e r e d  v e s s e l  from Unalaska .  An o l d  m i l i t a r y  
r o a d ,  washed o u t  i n  s e v e r a l  p l a c e s  and i n  a g e n e r a l  s t a t e  o f  d i s r e p a i r ,  
l e a d s  from a n  a i r s t r i p  a t  F o r t  Glenn on t h e  n o r t h w e s t  end o f  t h e  i s l a n d  
o v e r  a  100-m-high p a s s  t o  Stepanof  Cove. The 35-km-long road  i s  a  poten- 
t i a l  means o f  a c c e s s  t o  t h e  s i t e .  

Land s t a t u s  i n  t h e  v i c i n i t y  of t h e  s i t e  i s  u n c l e a r .  The l a n d s  may 
have been s e l e c t e d  by  t h e  S t .  George V i l l a g e  A s s o c i a t i o n  and t h e  A l e u t i a n  
P r i b i l o f  N a t i v e  A s s o c i a t i o n  under  t e rms  of ANCSA. 

Geology 

Bedrock exposed i n  v a l l e y  w a l l s  a d j a c e n t  t o  t h e  the rmal  s i t e  c o n s i b t  
of l a t e  T e r t i a r y  c e n t r a l  Umnak v o l c a n i c  r o c k s  o v e r l a i n  by Qua te rnary  
h y p e r s t h e n e  a n d e s i t i c  f lows  of M t .  Recheshnoi  ( f i g .  10) (Byers ,  1 9 5 9 ) .  
These v o l c a n i c  u n i t s  a p p e a r  t o  r e s t  on a  basement complex composed of 
p r o b a b l e  e a r l y  t o  middle  T e r t i a r y  p l u t o n i c  and low-grade metamorphic r o c k s  
t h a t  a r e  exposed a l o n g  t h e  c o a s t l i n e  of Umnak I s l a n d .  An i s o l a t e d  o u t c r o p  
of a  q u a r t z - b e a r i n g  o l i v i n e  a n d e s i t e  f low o v e r l y i n g  t h e  Recheshnoi v o l -  
c a n i c ~  l i e s  d i r e c t l y  s o u t h  of t h e  v a l l e y  a t  a n  e l e v a t i o n  o f  500 m.  



Okmok C a l d e r a ,  a  huge a c t i v e  s h i e l d  v o l c a n o ,  l i e s  20 km NE of  t h e  
t h e r m a l - s p r i n g s  s i t e .  A r e c e n t  c i n d e r  cone and a s s o c i a t e d  l a v a  f lows  
o c c u r  a c r o s s  Hot S p r i n g s  Cove a t  Cinder  P o i n t  ( f i g .  1 1 ) .  

S p r i n g  c h a r a c t e r i s t i c s  

The upper  s e r i e s  o f  t h e r m a l  s p r i n g s  o c c u r  a l o n g  a  300-m l i n e a r  
zone west o f  Hot S p r i n g s  Creek a t  t h e  b a s e  of t h e  wes t  v a l l e y  s l o p e s  
( f i g .  1 9 ) .  S p r i n g  E5, t h e  most s o u t h e r l y  i n  t h e  series, f l o w s  from a 
small c a v e r n  l o c a t e d  a t  s l o p e  b r e a k  a t  t h e  b a s e  o f  t h e  v a l l e y  w a l l  a t  
t h e  e n t r a n c e  of a s t e e p  SW-trending t r i b u t a r y  v a l l e y .  The t h e r m a l  w a t e r s  
i s s u e  f rom a n e s t  o f  cemented b o u l d e r s ,  c o b b l e s ,  and s o i l  i n s i d e  t h e  
1-m-dia c a v e r n .  Discharge  measured 100 lpm; s p r i n g  t e m p e r a t u r e  was 71.8OC. 
The o n l y  o t h e r  s p r i n g  e x h i b i t i n g  any  s i g n i f i c a n t  f l o w  i n  1980 was E l ,  
which emerges from a 30-cm-deep, 70-cm-dia p o o l  r i n g e d  by b o u l d e r s  and 
c o b b l e s .  Temperature  a t  t h e  v e n t  l o c a t e d  a t  t h e  poo l  bot tom was 93.50C; 
d i s c h a r g e  from t h e  p o o l  measured 60 , lpm.  S i n t e r  c o a t s  , r o c k s  i n  t h e  o u t -  
f l o w  c h a n n e l ;  b a c t e r i a  and a l g a e  mats  o c c u r  f u r t h e r  downstream. 

I n  c o n t r a s t  t o  t h e  e a r l i e r  i n v e s t i g a t i o n s  o f  Byers and Brannock 
(1949) ,  t h e  s p r i n g s  E2 and E4 were  found t o  be d r y  and o n l y  a  t r i c k l e  of 
f l o w  o c c u r r e d  a t  E3 ( t a b l e  1 1 ) .  The f l o w  a t  E5 w a s  a l s o  much lower  t h a n  
t h a t  r e p o r t e d  f o r  1947 .  However, t h e  s p r i n g  t e m p e r a t u r e s  a t  E l  and E5 
were  n o t a b l y  h i g h e r  i n  1980 ,  which s u g g e s t s  t h a t  t h e  d i f f e r e n c e s  i n  mea- 
s u r e d  f l o w  r a t e s  may be due t o  a g r e a t e r  d e g r e e  of ground w a t e r  mixing 
d u r i n g  t h e  1947 measurements .  

Tab le  11. Tempera tu res  and f l o w  r a t e s ,  t h e r m a l  s p r i n g s  
s o u t h  o f  Hot S p r i n g  Cove. Data  from Byers  and Brannock 
(1949) i n c l u d e d  f o r  comparison.  

1980 1947 
Thermal Flow r a t e  Q u a l i t y  o f  Flow r a t e  

s p r i n g  T  (.OC) (Ipm) measurement T  (OC) (Ipm) 

E  1 93.5  6  0  F a i r  (10%) 8  7  5 4  
E 2  3 1 . B a  d r y  --- 4  7  5  4  
E3 61.2 t r i c k l e  v i s .  e s t  . 6 5 6 
E4 38 .ga d r y  --- 3 5 3 6 
E  5  71.8 100 F a i r  (10%) 6 7  2 00 

 round t e m p e r a t u r e .  

S p r i n g s  E l  and E5 a r e  m o d e r a t e l y  c o n c e n t r a t e d  i n  sodium and c h l o r i d e  
and have a  n o t a b l y  h i g h  l e v e l  o f  boron ( t a b l e  1 2 ) .  The h o t t e r  s p r i n g ,  E l ,  
h a s  t h e  g r e a t e r  c o n c e n t r a t i o n  o f  c o n s t i t u e n t s .  The d i f f e r e n c e  i n  tempera- 
t u r e  and t h e  s i m i l a r i t y  i n  t h e  N a : C l ,  L i : C l ,  Si02:C1,  and B : C 1  r a t i o s  of 
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F i g u r e  1 9 .  D e t a i l  a t  Hot S p r i n g s  Cove s i t e  E .  



t h e  two w a t e r s  s u g g e s t s  t h e y  a r e  d e r i v e d  f rom a common t h e r m a l  r e s e r v o i r  
and undergo d i f f e r i n g  d e g r e e s  o f  ground-water d i l u t i o n .  The c h e m i s t r i e s  
and t e m p e r a t u r e s  of s p r i n g s  E l  and E5 i n  1980 were  similar i n  a l l  r e s p e c t s  
t o  a p r e v i o u s  chemica l  s u r v e y  o f  t h e  s p r i n g s  made by t h e  USGS i n  1973 
(I. B a r n e s ,  unpub. d a t a ) .  However, b o t h  t h e  DGGS and USGS w a t e r  samples  
were  s i g n i f i c a n t l y  h i g h e r  i n  d i s s o l v e d  c o n s t i t u e n t s  t h a n  t h e  w a t e r  sampled 
i n  1947 ,  f u r t h e r  s u g g e s t i n g  t h a t  a g r e a t e r  amount o f  ground-water d i l u t i o n  
o c c u r r e d  i n  1947.  

T a b l e  1 2 .  Chemical c o m p o s i t i o n  and  p h y s i c a l  p r o p e r t i e s  of 
Hot S p r i n g s  Cove h o t  s p r i n g s  E l  and E5. 

( a l l  c h e m i c a l  a n a l y s e s  i n  m g / l ) .  

HC O3 

so4 
C l  
F 
B r  
I 
B 

H2S 
S r 
pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (mg/l CaC03) 
Sp conduc tance  (pmholcm a t  250C) 
T (OC) 
Flow r a t e ,  lpm 
Date  sampled 

nd = n o t  d e t e r m i n e d .  

S i t e  E l  S i t e  E5 

The s h o r e l i n e  t h e r m a l  w a t e r s  emerge a t  l o w e s t  t i d e  a l o n g  a 800-m 
l i n e a r  zone a t  t h e  w e s t  end o f  t h e  beach .  EIaximum sand t e m p e r a t u r e s  
i n  1980 measured 45OC. Byers and  Brannock (1949) r e p o r t e d  t e m p e r a t u r e s  
a s  h i g h  a s  70°C. Because t h e  biweekly c y c l e  of v a r i a t i o n s  i n  t i d a l  



amplitude was at its minimum during the DGGS visit to Hot Springs Cove, 
the shoreline thermal waters were nearly always covered with sea water 
and we could not obtain a sample. 

Reservoir properties 

Table 13 summarizes the application of silica and cation geother- 
mometry to thermal springs El and E5. The quartz-conductive temperatures 
differ by 16OC, whereas the applicable cation temperatures differ by only 
7'~. This trend is consistent with a hypothesis of ground-water mixing. 
The cation geothermometers, particularly Na-K, are less susceptible to 
dilution effects than the silica geotherm~meters~and are therefore pro- 
bably more representative of the deep reservoir temperatures. Two dif- 
ferent ground-water samples obtained near the hot springs each had tempera- 
tures and silica contents of about 10°C and 20 ppm. These values lie 
on the same linear trend as the values for the thermal springs, El and E5. 
Following the method of Truesdell and Fournier (1977), application of the 
quartz-conductive mixing model results in a deep reservoir temperature 
estimate of 198OC. This corresponds to a parent thermal-water silica 
content of about 240 ppm and hot-water mixing fractions of 45 and 33 per- 
cent for springs El and E5, respectively. 

Table 13. Hot Springs Cove geothermometry 
(all temperatures in OC) . 

Site El Site E5 

Surface temperature 93.5 71.8 

Cation geothermometers 

Silica geothermometers 

Adiabatic 141 128 
Conductive 148 132 
Chalcedony 12 2 105 
Cristobalite 9 7 8 1 
Opal 2 6 12 

In estimating the deep reservoir temperature, the quartz-conductive 
mixing-model temperature is chosen as the maximum, the Na-K temperature 
for spring El as the most likely, and the quartz-c.onductive temperature 
for El as the minimum: 



Min - ?lax Most l i k e l y  Mean 

S u b s u r f a c e  T  (OC) 

Al though the e v i d e n c e  f o r  mixing i s  s t r o n g ,  t h e  maximum t e m p e r a t u r e  
e s t i m a t e  must s t i l l  be viewed a s  s p e c u l a t i v e .  The h o s t  r o c k s  f o r  t h e  
r e s e r v o i r  are p r o b a b l y  t h e  u n d e r l y i n g  basement T e r t i a r y  p l u t o n s  and low- 
g r a d e  metamorphic r o c k s .  No g e o p h y s i c a l  e x p l o r a t i o n  o r  e x p l o r a t o r y  
d r i l l i n g  h a s  been  done,and t h e  d e p t h  and e x t e n t  o f  any deep  t h e r m a l  
r e s e r v o i r  are unknown. 

Comments 

The e s t i m a t e d  d e e p - r e s e r v o i r  t e m p e r a t u r e s  would be  s u f f i c i e n t  t o  
power a small- t o  medium-scale, b i n a r y ,  Rankine-type,  w e l l h e a d ,  e l e c t r i -  
c a l - g e n e r a t i o n  sys tem.  The t h e r m a l  w a t e r s ,  i f  i n  s u f f i c i e n t  s u p p l y ,  c o u l d  
a l s o  be used f o r  a v a r i e t y  o f  o t h e r  geo thermal  a p p l i c a t i o n s .  However, 
t h e  remoteness  o f  t h e  s i t e  and t h e  l a c k  o f  a good,  p r o t e c t e d  deep-water 
anchorage  p r o b a b l y  p r e c l u d e s  any  development i n  t h e  f o r e s e e a b l e  f u t u r e .  

The s o u r c e  o f  t h e r m a l  e n e r g y  d r i v i n g  t h e  hydro thermal  sys tem may 
b e  r e l a t e d  t o  t h e  a c t i v e  vo lcan i sm t h a t  o c c u r s  n o r t h e a s t  and sou thwes t  
of t h e  s i t e .  Ground w a t e r s  may be p e n e t r a t i n g  v i a  f r a c t u r e  sys tem i n t o  
r o c k s  h e a t e d  by n e a r b y  magma sys tems .  



PARTOV HOT SPRINGS 

L o c a t i o n  

L a t i t u d e  53013.7 '  N . ,  l o n g i t u d e  16B018.5'  W . ;  Umnak 1 :250 ,000  
Quadrangle  (1951) ;  T. 80  S . ,  R .  132 W . ,  Seward Merdian.  

Genera l  d e s c r i p t i o n  

?k P a r t o v  h o t  s p r i n g s  i s  l o c a t e d  a b o u t  6  km s o u t h e a s t  o f  Hot S p r i n g s  
Cove on t h e  P a c i f i c  s i d e  o f  Umnak I s l a n d .  The the rmal  s p r i n g s  o c c u r  i n  
a n  unnamed s t r e a m  v a l l e y  t h a t  d r a i n s  i n t o  a n  unnamed cove 4  km n o r t h e a s t  
o f  P a r t o v  Cove. The s p r i n g s  a r e  s i t u a t e d  a b o u t  314 km from t h e  P a c i f i c  
Ocean on t h e  n o r t h e r n  banks  of t h e  main s t r e a m  d r a i n a g e  i n  t h e  v a l l e y  
t h a t  t r e n d s  S. 65 E .  The s i t e  was reached  by c r o s s i n g  a  180-m-high p a s s  
t h a t  c o n n e c t s  t h i s  v a l l e y  w i t h  Hot S p r i n g s  Cove. 

Geology 

The geology i n  t h e  v i c i n i t y  o f  P a r t o v  h o t  s p r i n g s  i s  s i m i l a r  t o  t h a t  
d i s c u s s e d  under  Hot S p r i n g s  Cove ( p r e c e d i n g  s e c t i o n ) .  

S p r i n g  c h a r a c t e r i s t i c s  

F i v e  a r e a s  of s p r i n g s  and s e e p s  a r e  found i n  a 200-111 l i n e a r  zone 
a d j a c e n t  t o  t h e  n o r t h  bank of  t h e  main v a l l e y  c r e e k .  The s p r i n g s  and 
s e e p s  emerge from v a l l e y  a l l u v i u m  2  m above s t r e a m  l e v e l  ( f i g .  2 0 ) .  The 
combined f l o w  from t h e  f i v e  s p r i n g s  w a s  v i s u a l l y  e s t i m a t e d  a t  a b o u t  200 lpm. 
S p r i n g  t e m p e r a t u r e s  ranged from 4 j 0 - 8 5 O ~ .  Flows from t h r e e  of t h e  s p r i n g s  
f e e d  a  l a r g e  p o o l ,  1 5  by 1 0  m, t h a t  i s  covered  w i t h  r u s t - c o l o r e d  s c u m .  
White c a l c i t e  c o a t i n g  w a s  obse rved  on r o c k s  i n  o u t f l o w  c h a n n e l s  below t h e  
s p r i n g s .  A s m a l l  amount o f  g a s  b u b b l i n g  o c c u r s  from t h e  main p o o l ;  no 
odor  o f  H2S was d e t e c t e d .  

T a b l e  1 4  g i v e s  t h e  chemica l  c o m p o s i t i o n  and p h y s i c a l  p r o p e r t i e s  o f  
t h e r m a l  w a t e r s  o b t a i n e d  from t h e  h i g h e s t  t e m p e r a t u r e  s p r i n g  v e n t  a t  t h e  
s i te .  The w a t e r s ,  which a r e  q u i t e  s i m i l a r  t o  t h e  h o t  s p r i n g s  i n  t h e  v a l l e y  
t o  t h e  n o r t h  ( t a b l e  1 2 ) ,  a r e  modera te ly  c o n c e n t r a t e d  i n  sodium and c h l o r i d e  
and have a n o t a b l y  h i g h  level .  of  boron.  

R e s e r v o i r  p r o p e r t i e s  

Tab le  1 5  summarizes t h e  a p p l i c a t i o n  of s i l i c a  and c a t i o n  geothermo- 
m e t e r s  t o  P a r t o v  h o t  s p r i n g s .  Although t h e  Na-K-Ca (413) t e m p e r a t u r e  i s  
below 100°c, t h e  s i l i c a  geothermometers  i n d i c a t e  e q u i l i b r i u m  took  p l a c e  
a t  t e m p e r a t u r e s  above 100°c a n d ,  t h e r e f o r e ,  Na-K-Ca (113) i s  t a k e n  a s  t h e  
r e p r e s e n t a t i v e  c a t i o n  r e s e r v o i r  t e m p e r a t u r e .  The q u a r t z  c o n d u c t i v e  and 

% ~ n f  o m a l l y  named. 



chalcedony temperatures are chosen as the maximum and minimum reservoir 
estimates respectively: 

Min - Max - Most likely - Mean 

Subsurface T C0C) 118 144 134 132 

F l a t  A r e a  3 - 6  m .  A b o v e  C r e e k  L e v e l  

S p r i n g  S a m p l e  . 

P a c i f i c  O c e a n  

0 10 4 0  8 0  4 0  6 0  rn 

A l l  T e m p e r a t u r e s  i n  'C A l l  C o n d u c t i v i t i e s  i n  p m h o s / c m  

Figure 20. Detail at Partov spring site. 

As in the case with the thermal springs of the Hot Springs Cove 
area, the thermal waters emerging at the surface at Partov hot springs 
may have cooled by mixing with ground waters. Assuming a ground-water 
temperature of loOc and silica content of 20 ppm and following the 
quartz mixing model of Truesdell and Fournier (1977), the deep-reser- 
voir temperature may be as high as 202'~. This temperature is similar 
to the deep-reservoir estimate based on the silica mixing model made 
for Hot Spring Cove. The similarity in chemistries and estimated deep 
temperatures suggests the spring systems may originate from a comnon 
source. 

Comments 

As at the Hot Springs Cove site, the thermal springs may result 
from the circulation of surface waters in deep fractures through vol- 
canically heated rocks. Although the reservoir temperature is conser- 
vatively estimated at 132Oc, the quartz mixing model suggests deep tem- 
peratures may be much higher. Nevertheless, the remoteness of the site, 
lack of potential users, and lack of protected harbors will probably 
preclude development of this site. 



Table 14. Chemical composition and physical properties of 
Partov hot springs 

(all chemical analyses in mg/l) . 
DGGS 

determination 

pH, field 
Dissolved solids 2212.9 
Hardness (mg/l CaC03) 596 
Sp conductance (pmho/cm at 250C) 3800 
T (OC) 8 4 
Flow rate (lpm) 200a 
Date sampled 7/31/80 

a Estimated flow of five springs combined. 
nd = not determined. 

Table 15. Partov hot springs geothermometry 
(all temperatures in OC) . 

Surface temperature 84.0 

Cation geothermometers 

Silica geothermometers 

Adiabatic 139 
Conductive 144 
Chalcedony 118 
Christobalite 9 4 
Opal 2 3 



UNALASKA ISLAND 

Background 

Unalaska I s l a n d ,  second l a r g e s t  i n  t h e  a r c u a t e  c h a i n  of A l e u t i a n  
I s l a n d s ,  i s  l o c a t e d  between l a t i t u d e s  53O15' and 54' N .  and between 
l o n g i t u d e s  1660 and 168O W . ,  200 km s o u t h w e s t  of t h e  Alaska P e n i n s u l a  
( f i g .  1 The i s l a n d  i s  a b o u t  140 km l o n g  and 60 km wide and f o l l o w s  
t h e  t r e n d  o f  t h i s  segment o f  t h e  A l e u t i a n  a r c ,  which i s  a b o u t  N .  60° E.  
(Drewes and  o t h e r s ,  1 9 6 1 ) .  Most of t h e  i s l a n d  i s  rugged ly  mountainous  
a n d ,  e x c e p t  f o r  t h e  n o r t h e r n  b u l g e ,  t h e  c o a s t l i n e  i s  d e e p l y  i n d e n t e d  
by f j o r d s  ( f i g .  2 1 ) .  Beaver I n l e t ,  which i s  more t h a n  30 km l o n g ,  and 
Makushin Bay, a b o u t  1 6  km l o n g ,  s p l i t  t h e  e a s t e r n  and w e s t e r n  ends  of 
t h e  i s l a n d ,  r e s p e c t i v e l y ,  and s e p a r a t e  n o r t h e r n  Unalaska from t h e  e l o n -  
g a t e  s o u t h e r n  p o r t i o n .  

The w e s t e r n  p a r t  o f  n o r t h e r n  Unalaska ( t h e  n o r t h e r n  b u l g e )  i s  
dominated by t h e  s t i l l  a c t i v e  Makushin Volcano,  which i s  a b o u t  2035 m 
h i g h .  The broad dome-shaped summit h a s  a  s m a l l  c a l d e r a  and i s  capped 
by a  g l a c i e r  w i t h  tongues  t h a t  descend  t h e  l a r g e r  v a l l e y s  t o  e l e v a t i o n s  
a s  low a s  300 m (1000 f t ) .  S e v e r a l  symmet r ica l  cones  and c r a t e r s  o c c u r  
on t h e  f l a n k s  o f  t h e  v o l c a n o .  

The t e r r a i n  immedia te ly  a round  t h e  v o l c a n o  and e x t e n d i n g  eas tward  
f rom i t  i s  c h a r a c t e r i s t i c a l l y  rugged w i t h  deep g l a c i e r - c a r v e d  v a l l e y s ,  
s h a r p  r i d g e s ,  and  peaks .  Two broad  g l a c i e r  v a l l e y s ,  Makushin V a l l e y  
and G l a c i e r  V a l l e y ,  o r i g i n a t e  on t h e  f l a n k s  of Makushin vo lcano  and 
e x t e n d  t o  Unalaska Bay and Makushin Bay, r e s p e c t i v e l y .  Unalaska Bay, a  
deep  embayment i n t o  t h e  n o r t h e r n  c o a s t  o f  t h e  i s l a n d , w i t h  s e v e r a l  sub- 
s i d i a r y  i n l e t s ,  l i e s  a b o u t  20 km e a s t  o f  t~lakushin  Volcano. 

Much of t h e  i s l a n d  is d i s c o n t i n u o u s l y  veneered by a  t h i n  mant le  of 
t i l l ,  v o l c a n i c  a s h ,  humus, and s o i l  ( ~ r e w e s  and o t h e r s ,  1961) .  The o n l y  
t r e e s  on t he  i s l a n d  a r e  s e v e r a l  g roves  of S i t k a  s p r u c e ,  p l a n t e d  by 
Russ ians  i n  t h e  1 9 t h  Century around Unalaska Bay. Willow t h i c k e t s  grow a t  
low e l e v a t i o n s  i n  t h e  more p r o t e c t e d  v a l l e y s ;  b l u e b e r r y  s h r u b s  and salmon- 
b e r r y  and crowberry  p l a n t s  a r e  common. The lower e l e v a t i o n s  and v a l l e y  
bot toms a r e  c h a r a c t e r i z e d  by tundra  v e g e t a t i o n .  During t h e  summer t h e  
meadows a r e  abloom with  a  l a r g e  v a r i e t y  of f l o w e r s .  

Unalaska v i l l a g e  l i e s  on t h e  s o u t h e r n  s h o r e  of I l i u l i u k  Bay n e a r  
t h e  head o f  Unalaska Bay. The o n l y  o t h e r  pe rmanen t ly  i n h a b i t e d  p l a c e  
on t h e  i s l a n d  i s  a sheep  r a n c h  a t  C h e r n o f s p i  Harbor .  The Unalaska com- 
muni ty  h a s  a  permanent r e s i d e n t  p o p u l a t i o n  o f  a b o u t  600 p e o p l e ,  many of  
whom a r e  N a t i v e .  

Unalaska v i l l a g e  was f i r s t  v i s i t e d  by R u s s i a n  f u r  t r a d e r s  l a t e  i n  
t h e  1 8 t h  c e n t u r y .  During t h e  1 9 t h  c e n r u r y ,  t h e  v i l l a g e  became a  Russ ian  
o u t p o s t  and  a  major  c e n t e r  f o r  t h e  A l e u t i a n  f u r  t r a d e  and R u s s i a n  Orthodox 
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~ i g u r e  2 1 .  G e n e r a l i z e d  g e o l o g y  o f  n o r t h e r n  U n a l a s k a  I s l a n d  and l o c a t i o n s  of  
t h e r m a l  f i e l d s .  



Church.  The p u r c h a s e  o f  Alaska  by t h e  U n i t e d  S t a t e s  i n  1867 and t h e  r a p i d  
d e c l i n e  o f  f u r - b e a r i n g  sea-mammal p o p u l a t i o n s  l a t e r  i n  t h e  c e n t u r y  l e d  t o  
a g r a d u a l  d e c r e a s e  i n  White popula . t ion  and i n f l u e n c e  i n  Unalaska u n t i l  1942. 

During World War-I1 Dutch Harbor ,  l o c a t e d  on Amaknak I s l a n d , a d j a c e n t  
t o  Unalaska v i l l a g e  and now connec ted  t o  i t  by a  b r i d g e ,  s e r v e d  a s  a major 
U.S. n a v a l  b a s e  and s t a g i n g  a r e a  f o r  A l l i e d  o p e r a t i o n s .  The s u r r o u n d i n g  
h i l l s i d e s  a r e  s t i l l  l i t t e r e d  w i t h  r u s t i n g  Quonset h u t s ,  o l d  t u n n e l s ,  a r t i l -  
l e r y  emplacements ,  p i l l b o x e s ,  and  look-out  p o s t s .  The Dutch Harbor a r e a  
i t s e l f  c o n t a i n s  row upon row of  d e s e r t e d  b a r r a c k s  and warehouses ,  some of  
which a r e  now b e i n g  r e c l a i m e d  and r e n o v a t e d  by t h e  Ounalaska N a t i v e  Corpora- 
t i o n .  

Because o f  t h e  l a r g e  and e x c e l l e n t  deep-water h a r b o r  l o c a t e d  i n  Unalaska 
Bay (one o f  t h e  few p r o t e c t e d  h a r b o r s  i n  t h e  A l e u t i a n s ) ,  t h e  v i l l a g e  h a s  
n a t u r a l l y  evo lved  i n t o  t h e  major  b a s e  o f  o p e r a t i o n s  f o r  t h e  Ber ing  Sea 
f i s h i n g  i n d u s t r y .  T h i r t e e n  f i s h  p r o c e s s o r s  o p e r a t e  i n  t h e  a r e a  and b r i n g  i n  
as many as 1,500-2,000 s e a s o n a l  employees d u r i n g  t h e  h e i g h t  o f  c r a b - f i s h i n g  
s e a s o n .  Unalaska h a s  t h e  d i s t i n c t i o n  o f  b e i n g  t h e  c r a b  c a p i t a l  o f  t h e  wor ld .  
With t h e  imminent development  o f  t h e  Alaskan bo t tom f i s h e r y ,  Unalaska w i l l  
undoubted ly  c o n t i n u e  t o  expand.  The v i l l a g e  c o u n c i l  i s  a c t i v e l y  s e e k i n g  a n  
energy  b a s e  t o  s u p p o r t  i t s  growing f i s h i n g  i n d u s t r i e s .  

Geology 

The geology of  Unalaska I s l a n d  h a s  been d e s c r i b e d  i n  Drewes and o t h e r s  
(1961) .  The Unalaska Format ion c o n s t i t u t e s  t h e  o l d e s t  and most e x t e n s i v e  
group o f  r o c k s  i n  t h e  i s l a n d  and c o n s i s t s  o f  a  t h i c k  sequence  o f  c o a r s e  and 
f i n e  s e d i m e n t a r y  and p y r o c l a s t i c  r o c k s  i n t e r c a l a t e d  w i t h  d a c i t i c ,  a n d e s i t i c ,  
and b a s a l t i c  f l o w s  and  s i l l s ,  c u t  by numerous d i k e s  and s m a l l  p l u t o n s  
( f i g .  2 1 ) .  The f o r m a t i o n  i s  exposed o v e r  t w o - t h i r d s  o f  t h e  i s l a n d  and i s  
thought  t o  be e a r l y  t o  m i d - T e r t i a r y .  The f o r m a t i o n  h a s  been e x t e n s i v e l y  
f o l d e d ,  f a u l t e d ,  and  i n t r u d e d  by p l u t o n i c  r o c k s ,  w i t h  moderate  hydro thermal  
a l t e r a t i o n  o c c u r r i n g  n e a r  t h e  p l u t o n s .  

The b a t h o l i t h s  and s m a l l e r  p l u t o n s  a r e  g r a n o d i o r i t e  w i t h  b o r d e r  phases  
as maf ic  a s  gabbro .  The p l u t o n i c  r o c k s  are thought  t o  be  t h e  p r o d u c t s  of 
c r y s t a l l i z a t i o n  o f  a g r a n o d i o r i t e  magma t h a t  invaded t h e  r o c k s  o f  t h e  
Unalaska Format ion by a s s i m i l a t i o n ,  s t o p i n g ,  and  f o r c e f u l  i n t r u s i o n  (Drewes 
and  o t h e r s ,  1 9 6 1 ) .  The a g e  o f  t h e  p l u t o n  i s  c o n s i d e r e d  t o  be younger t h a n  
e a r l y  Miocene and o l d e r  t h a n  midd le  P l e i s t o c e n e .  

B a s a l t  and  a n d e s i t e  f l o w s  and p y r o c l a s t i c  r o c k s  o f  t h e  Makushin ' ; o l s n n i r s  
unconformably o v e r l i e  t h e  Unalaska Format ion and t h e  p l u t o n i c  r o c k s  t h a t  
i n t r u d e  i t  (Drewes and o t h e r s ,  1 9 6 1 ) .  The l lakushin  V o l c a n i c s  c o n s t i t u t e  
most o f  Makushin Volcano,  a  broad v o l c a n i c  dome more t h a n  1 , 8 0 0  m h i g h  and 
1 6  km wide .  The t h i c k n e s s  o f  t h e  Makushin V o l c a n i c s  v a r i e s  g r e a t l y  b u t  
p r o b a b l y  d o e s  n o t  exceed 1 , 5 0 0  m .  Most of t h e  Makushin V o l c a n i c s  a r e  b e l i e v e d  
t o  be midd le  t o  l a t e  P l e i s t o c e n e .  Much of  t h e  b a s a l t  and a n d e s i t e  i s  ex ten-  
s i v e l y  g l a c i a t e d  and must p r e c e d e  a t  l e a s t  p a r t  o f  l a t e  P l e i s t o c e n e  t ime .  



L a t e  Wisconsin  t o  Recent  v o l c a n i c  c i n d e r  c o n e s ,  compos i te  c o n e s ,  and 
l a v a  f l o w s  are s c a t t e r e d  abou t  t h e  b a s e  of Makushin Volcano and have been 
c o l l e c t i v e l y  mapped a s  E i d e r  P o i n t  B a s a l t  (Drewes and o t h e r s ,  19G1). These 
v o l c a n i c  r o c k s  r e s t  unconformably on g l a c i a t e d  rocks  o f  t h e  Makushin V o l c a n i c s  
and i n  p l a c e s  on t h e  Unalaska Format ion .  A s e r i e s  o f  r e c e n t  c i n d e r  cones  and 
c r a t e r s  l i e  a l o n g  a  wes tward- t rend ing  f i s s u r e  e x t e n d i n g  from t h e  Makushin 
c a l d e r a  t o  P o i n t  Kadin. The v o l c a n i c  v e n t s  p r o b a b l y  r e f l e c t  t h e  i n t r u s i o n  
o f  magma i n t o  t h e  f i s s u r e  a t  s h a l l o w  d e p t h s .  

Makushin Volcano i s  s t i l l  a c t i v e  and i s  known t o  have e r u p t e d  a t  l e a s t  
1 4  t i m e s  s i n c e  1760,  w i t h  a r e p o r t  o f  a minor e r u p t i o n  o c c u r r i n g  i n  1980 
(Coats, 1950;  Sean,  1 9 8 0 ) ;  T a b l e  Top Mountain h a s  p robab ly  been a c t i . v e  s i n c e  
t h e  l as t  major  g l a c i a t i o n  (Drewes and o t h e r s ,  1961) .  

The i s l a n d  has  been i n t e n s e l y  g l a c i a t e d  and g l a c i a l  landforms a r e  
prominent everywhere .  The mountains c o n t a i n  U-shaped v a l l e y s ,  c i r q u e s  
a r e t e s ,  and ice-scoured f e a t u r e s  of e v e r y  s i z e .  An i c e  f i e l d  of 40 km 2 
caps  Manushin Volcano. T i l l  from t h e  l a t e s t  Wisconsin i c e  advance o c c u r s  
i n  t h e  lowest  c i r q u e s  and v a l l e y s .  More r e c e n t ,  f r esh- look ing  mora ines ,  
l o c a t e d  near  e x i s t i n g  g l a c i e r s ,  i n d i c a t e  smal l  advances and r e c e s s i o n n s  
have t aken  p l a c e ,  perhaps  w i t h i n  t h e  p a s t  few hundred y e a r s  ( ~ r e w e s  and 
o t h e r s ,  1961) . 

F a u l t s ,  j o i n t s ,  and r e l a t e d  l i n e a r  f e a t u r e s  a r e  abundan t ,  b u t  t h e  
l e n g t h ,  d i r e c t i o n ,  and amount o f  d i s p l a c e m e n t  have been de te rmined  f o r  o n l y  
a few of  them. Most o f  t h e  f a u l t s  a r e  n e a r l y  v e r t i c a l .  The s t r o n g  topo- 
g r a p h i c  a l i g n m e n t  o f  Beaver I n l e t  and Makushin Bay, which n e a r l y  b i s e c t  t h e  
i s l a n d ,  s u g g e s t s  a  major  f a u l t .  A ' s t a t i s t i c a l  a n a l y s i s  of l i n e a r  t o p o g r a p h i c  
f e a t u r e s  from a e r i a l  pho tographs  performed by Drewes and o t h e r s  (1961) showed 
a dominan t ly  n o r t h w e s t  t r e n d  i n  t h e  Unalaska Format ion i n  t h e  more a l t e r e d  
r o c k s  near and i n  t h e  b a t h o l i t h s ,  and a s t r o n g  p a t t e r n  o f  n o r t h -  and e a s t -  
t r e n d i n g  s e t s  of l i n e a r  f e a t u r e s  i n  t h e  l e s s  a l t e r e d  r o c k s  away from t h e  
b a t h o l i t h s .  

Thermal a r e a s  

S e v e r a l  a c t i v e  the rmal  a r e a s  have been i d e n t i f i e d  on n o r t h e r n  Unalaska 
I s l a n d ,  and a l l  b u t  one a r e  a s s o c i a t e d  w i t h  Makushin Volcano ( f i g s .  21-23). 
Fumaroles and h o t  s p r i n g s  o c c u r  w i t h i n  t h e  2.5-km-dia Makushin c a l d e r a  and 
were f i r s t  i n v e s t i g a t e d  by Maddren (1919) ,  who r e p o r t e d  t h e  e x i s t e n c e  of a n  
e x t e n s i v e  s o l f a t a r a  f i e l d  ( ~ 3 0  a c r e s )  n e a r  t h e  c e n t e r  o f  t h e  c a l d e r a .  
Fumaroles were a u d i b l e  a t  d i s t a n c e s  of o v e r  2  km, and t h e  t e m p e r a t u r e  a t  t h e  
o r i f i c e  o f  one  o f  t h e  s m a l l e r  fumaro les  measured 150°C. The c o n t i n u e d  
e x i s t e n c e  of t h e s e  h i g h - p r e s s u r e  fumaro les  e m i t t i n g  l a r g e  amounts of v a p o r ,  
was v e r i f i e d  d u r i n g  t h e  summer o f  1980 (J. Reeder ,  p e r s .  comrnun.). 

An e x t e n s i v e  fumarole  f i e l d  and a s s o c i a t e d  h o t  s p r i n g s  mentioned i n  
Drewes and o t h e r s  (1961) o c c u r  a t  t h e  head o f  G l a c i e r  V a l l e y  i n  t h e  s o u t h -  
s o u t h e a s t  f l a n k  o f  Makushin Volcano ( f i g .  2 2 ) .  The fumaro les  l i e  a t  a n  
e l e v a t i o n  o f  a b o u t  670 m. A s m a l l e r  fumarole  f i e l d ,  found i n  1980,  o c c u r s  



F i g u r e  2 2 .  L o c a t i o n  of the rmal  f i e l d s  on Makushin Volcano .  F i g u r e  2 3 .  Loca- 
t i o n  of Summer Bay h o t  s p r i n g s  ( a t  r i g h t ) .  



n e a r  t h e  t o e  of a  g l a c i e r  l o c a t e d  a b o u t  1 km n o r t h w e s t  and a b o u t  150 m 
above t h e  p r e v i o u s  s i t e .  Another fumaro le  f i e l d  c o n t a i n i n g  a  l a r g e ,  h i g h l y  
p r e s s u r i z e d  fumaro le  o c c u r s  f u r t h e r  wes t  on t h e  s o u t h  f l a n k  of t h e  vo lcano  
a t  a n  e l e v a t i o n  o f  a b o u t  900 m (J. Reeder ,  p e r s .  commun.). 

Two fumaro le  f i e l d s  and a s s o c i a t e d  h o t  s p r i n g s  were found i n  t h e  upper  
r e a c h e s  o f  Makushin V a l l e y  on t h e  n o r t h e a s t  f l a n k  o f  Makushin Volcano 
( f i g .  2 2 ) .  The lower  and s m a l l e r  f i e l d  o c c u r s  a t  a n  e l e v a t i o n  of a b o u t  
360 m on a  s m a l l  bench l o c a t e d  on t h e  s t e e p  n o r t h  v a l l e y  w a l l  abou t  
25 m above a s t r e a m  c h a n n e l .  The l a r g e r  f i e l d  o c c u r s  a b o u t  2 km f u r t h e r  
ups t ream a t  t h e  head o f  one of t h e  t r i b u t a r y  v a l l e y s  on t h e  e a s t  f l a n k  
of t h e  vo lcano  a t  e l e v a t i o n s  v a r y i n g  from 600-800 m.  

One a d d i t i o n a l  h o t - s p r i n g  s i t e  o c c u r s  on t h e  i s l a n d  and i s  l o c a t e d  
a b o u t  2 km s o u t h  o f  Summer Bay ( f i g .  2 3 ) .  T h i s  s p r i n g  i s  p r o b a b l y  t h e  
same a s  t h a t  r e p o r t e d  by D a l l  (1870) n e a r  C a p t a i n ' s  Harbor.  

The h o t  s p r i n g s  n e a r  Summer Bay a r e ' l o c a t e d  w i t h i n  t h e  Unalaska 
Format ion.  The h o t  s p r i n g s  and fumaro le  f i e l d s  a t  t h e  heads  o f  Makushin 
and G l a c i e r  V a l l e y s  a l s o  o c c u r  i n  t h a t  f o r m a t i o n  and i n  t h e  p l u t o n i c  rocks  
t h a t  i n t r u d e  i t .  The o t h e r  fumaro les  and h o t  s p r i n g s  o c c u r  i n  t h e  younger 
Makushin V o l c a n i c s  . 

During J u l y  1980 t h e  DGGS f i e l d  p a r t y  w a s  a b l e  t o  examine b r i e f l y  t h e  
t h e r m a l  a r e a s  a t  t h e  heads  o f  Makushin and G l a c i e r  V a l l e y s  and t h e  h o t -  
s p r i n g s  s i t e  n e a r  Summer Bay. 



GLAC I E R  VALLEY 'EBRMAL LUEA 

Loca t  i o n  

L a t i t u d e  53 '50 .8 '  N . ,  l o n g i t u d e  166 '53 .0 '  W . ;  
Una laska  1 :250 ,000  Quadrang le ,  1951.  

Genera l  D e s c r i ~ t i o n  

The the rmal  a r e a  i s  l o c a t e d  a t  t h e  head of G l a c i e r  V a l l e y ,  a  3- t o  
4-km-wide U-shaped v a l l e y  t h a t  t r e n d s  n o r t h  from Makushin Bay f o r  10  km ( f i g .  
2 1 ) .  The head o f  t h e  v a l l e y  t e r m i n a t e s  i n  a  s e r i e s  of s t e e p  r a v i n e s  i n  t h e  
s o u t h - s o u t h e a s t  f l a n k  of Makushin Volcano.  The a c t i v e  summit c a l d e r a  of t h e  
v o l c a n o  l i e s  about 5 km n o r t h w e s t  of t h e  thermal  s i t e ;  Pakushin  cone ,  a  r e c e n t  
p a r a s i t i c  p y r o c l a s t i c  cone,  is  l o c a t e d  abou t  6 km sou thwes t  of t h e  s i t e .  The 
rugged r i d g e s  n e i g h b o r i n g  t h e  the rmal  a r e a  a r e  600-900 m h i g h  and i n t e n s i v e l y  
g l a c i a t e d .  

The the rmal  s i t e s  a r e  l o c a t e d  on and above t h e  e a s t e r n m o s t  branch of the  
G l a c i e r  V a l l e y  r i v e r  a t  t h e  v e r y  head of t h e  v a l l e y  ( f i g .  2 2 ) .  There  a r e  t h r e e  
a r e a s  of  the rmal  a c t i v i t y .  The f i r s t  two, a  fumarole  f i e l d  and a  s e r i e s  of ho t  
s p r i n g s ,  occur  on a  r i d g e  l y i n g  between two r a v i n e s  i n  which f low t h e  s t r eams  
t h a t  compr i se  t h e  headwate r s  of  t h e  e a s t e r n  branch of t h e  main v a l l e y  r i v e r .  
About 0 . 5  lan downstream from t h e  j u n c t u r e  of t h e s e  two s t r e a m s ,  a n o t h e r  s e r i e s  
o f  h o t  s p r i n g s  and s e e p s  occur  a t  t h e  base  of t h e  e a s t e r n  v a l l e y  w a l l  n e a r  t h e  
s t r e a m  bank.  I n  a d d i t i o n  t o  t h e s e  s i t e s ,  a  smal l  a r e a  of fumaroles  and b o i l i n g  
w a t e r s  was found emanat ing from a  p i l e  of  v o l c a n i c  b o u l d e r s  on t h e  w e s t e r n  
margin  of a  g l a c i e r  i n  t h e  a d j o i n i n g  w e s t e r n  t r i b u t a r y  v a l l e y ,  a b o u t  1 km 
n o r t h w e s t  of  t h e  p r i n c i p a l  s i t e .  S t i l l  f a r t h e r  w e s t ,  a  h i g h l y  p r e s s u r i z e d  
fumaro le  o c c u r s  a t  an e l e v a t i o n  of a b o u t  900 m. 

The the rmal  a r e a  i n  G l a c i e r  V a l l e y  i s  remote and r e l a t i v e l y  i n a c c e s s i b l e .  
The DGGS f i e l d  p a r t y  reached  t h e  s i t e s  by h e l i c o p t e r  from t h e  v i l l a g e  of 
Una laska ,  which l i e s  about  22 km e a s t  of t h e  the rmal  a r e a .  The s i t e s  can a l s o  
be reached  by t a k i n g  a  b o a t  i n t o  Makushin Bay and then  wa lk ing  10 km up G l a c i e r  
Val l e y .  

Geology 

The f u m a r o l e s ,  s team v e n t s ,  and h o t - s p r i n g  w a t e r s  emanate from an a r e a  of 
i n t e n s e l y  h y d r o t h e r m a l l y  a l t e r e d  r o c k s  be long ing  t o  t h e  Unalaska  Format ion and 
t h e  g a b b r o i c  p l u t o n s  t h a t  i n t r u d e  i t .  The hydro the rmal  a1 t e r a t i o n ,  c o n s i s t i n g  
main ly  of  m o n t m o r i l l o n i t e ,  i s  t h e  r e s u l t  of i n t e r a c t i o n  of n e a r - s u r f a c e  r o c k s  
w i t h  a c i d  w a t e r s  t h a t  a r e  formed by t h e  c o n d e n s a t i o n  of h y d r o g e n - s u l f i d e - r i c h  
steam i n  m e t e o r i c a l l y  d e r i v e d ,  s h a l l o w  ground w a t e r s .  Fumarol ic  a c t i v i t y  
e x t e n d s  up a  r i d g e  t o  an e l e v a t i o n  of about  640 m y  where it is capped by a  30-m 
sequence o f  s h a l l o w  d i p p i n g ,  i n t e r b e d d e d  b a s a l t i c  f lows t h a t  o r i g i n a t e d  from 
Makushin Volcano.  The exposure  of t h e  f lows above t h e  fumaro les  i s  n e a r l y  
v e r t i c a l ,  a p p a r e n t l y  due t o  p l u c k i n g  by g l a c i a l  e r o s i o n .  These f lows do n o t  
appear  t o  be a l t e r e d ,  nor does  t h e  s u r f a c e  e x p r e s s i o n  of  t h e  f u m a r o l i c  a c t i v i t y  
e x t e n d  beyond t h e  f low-con tac t  boundary.  



S e v e r a l  f r e s h  mora ines  occur  a d j a c e n t  and below t h e  zone of the rmal  
a c t i v i t y  a t  e l e v a t i o n s  of 300-600 m y  and a r e  ev idence  f o r  r e c e n t  g l a c i e r  
a d v a n c e s .  A g l a c i e r  s t i l l  r e s i d e s  i n  t h e  a d j o i n i n g  wes te rn  v a l l e y  and 
descends  t o  an e l e v a t i o n  of about 450 m .  Lower p o r t i o n s  of t h e  v a l l e y  a r e  
f l o o r e d  w i t h  g l a c i a l  d r i f t ,  a l l u v i u m ,  and co l luv ium.  

Numerous f o s s i l  fumaro l i c  v e n t s  and h y d r o t h e r m a l l y  a1 t e r e d  ground were 
found i n  a  s m a l l ,  r e c e n t  g l a c i a l  moraine  l o c a t e d  nea r  t h e  j u n c t u r e  of the  
s t r e a m s  below t h e  h y d r o t h e r m a l l y  hea ted  r i d g e .  One f o s s i l  v e n t  o c c u r s  i n  a  
cone-shaped,  4-m-dia, 1.5-m-high mound of h y d r o t h e r m a l l y  a l t e r e d  c l a y s .  The 
f o s s i l  v e n t s  s u g g e s t  t h e  a r e a  was a c t i v e  a t  l e a s t  d u r i n g  t h e  waning s t a g e s  of 
t h e  l a s t  g l a c i a t i o n  which,  at: t h i s  e l e v a t i o n ,  may have occur red  as  r e c e n t l y  a s  
a  few hundred y e a r s  ago.  

Drewes and a t h e r s  (1961) mapped a  s t e e p  normal f a u l t  s o u t h e a s t  of t h e  
the rmal  s i t e s .  The t r e n d  of  t h e  f a u l t ,  N .  50" W . ,  i s  d i r e c t l y  i n  l i n e  wi th  t h e  
the rmal  s i t e s  and Makushin c a l d e r a ,  and may be p r o v i d i n g  c o n d u i t s  f o r  thermal  
f l u i d s  t o  ascend t o  t h e  s u r f a c e .  

Fumaroles and Hot - sp r ings  c h a r a c t e r i s t i c s  

The s i t e  c o n s i s t s  of t h r e e  a r e a s  of thermal  a c t i v i t y  t h a t  a r e  s e p a r a t e  but 
p robab ly  r e l a t e d .  

a .  The f i r s t  zone c o n s i s t s  of numerous smal l  fumaroles  and s t r e a m  v e n t s ,  a l l  
a t  b o i l i n g  p o i n t ,  d i s p e r s e d  over  an a r a  of about 10 ,000  m2 and emanating 
from a  s e r i e s  of smal l  k n o l l s  and g u l l i e s  c,ut i n t o  the  h y d r o t h e r m a l l y  
a l t e r e d  ground. The v e n t s  occur  between e l e v a t i o n  of 550 and 650 m below a  
s t e e p  c l i f f  of v o l c a n i c  f lows and between two f o r k s  of the  e a s t e r n  
t r i b u t a r y  t o  t h e  main v a l l e y  r i v e r  ( f i g .  2 2 ) .  O r i f i c e s  a r e  g e n e r a l l y  a  few 
c e n t i m e t e r s  o r  l e s s  i n  d i a m e t e r  w i t h  s u b l i m a t e s  commonly r i n g i n g  the  v e n t s .  
Gases a r e  m o s t l y  s team.  The v e n t s  have c h a r a c t e r i s t i c a l l y  low f low r a t e s ,  
a l t h o u g h  s e v e r a l  a r e  modera te ly  ~ r e s s u r i z e d  and have vapor  plumes s e v e r a l  
m e t e r s  h i g h .  

W a t e r f a l l s  from t h e  l a v a  c l i f f  f ace  above t h e  fumarole  f i e l d  channe l  a  
l a r g e  f l u x  of  s u r f a c e  m e t e o r i c  w a t e r s  on to  and through t h e  fumarole f i e l d .  
Where t h e  w a t e r s  pass  over  fumaroles  t h e y  a r e  h e a t e d  by condensing s team,  
i n  some c a s e s  t o  the  b o i l i n g  p o i n t .  Much of the  water  appears  t o  p e r c o l a t e  
i n t o  t h e  ground a f t e r  passage  th rough  t h e  thermal  zone.  

b .  The second a r e a  of the rmal  a c t i v i t y  c o n s i s t s  of s e v e r a l  ho t  s p r i n g s  and 
s e e p s  l o c a t e d  on a  smal l  bench inden ted  i n t o  t h e  b l u f f s i d e  a t  t h e  base  of 
t h e  r i d g e  c o n t a i n i n g  t h e  fumarole  f i e l d  ( f i g s .  2 2  and 2 4 ) .  The s p r i n g s  

2  o c c u r  a t  an e l e v a t i o n  of  about 380 m and cover  an a r e a  of about 1 ,000 m , 
perched s e v e r a l  m e t e r s  above t h e  j u n c t u r e  of the  two s t reams  t h a t  d r a i n  t h e  
t h e r m a l  a r e a .  A r e c e n t  g l a c i a l  moraine  c o n t a i n i n g  numerous f o s s i l  thermal  
v e n t s  o c c u r s  immediate ly  s o u t h e a s t  of t h e  s p r i n g s .  

S p r i n g  t e m p e r a t u r e s  ranged from 76"  t o  9 b ° C ,  and t h e  combined f low from t h e  
the rmal  s p r i n g s  was v i s u a l l y  e s t i m a t e d  a t  200 lpm. The thermal  w a t e r s  



F i g u r e  24.  D e t a i l  a t  G l a c i e r  V a l l e y  thermal  a r e a .  
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t y p i c a l l y  emerge i n t o  s h a l l o w  poo l s  ave rag ing  about 1  m i n  d i a  i n  what 
a p p e a r s  t o  be g l a c i a l  d r i f t .  The upper p o r t i o n s  of t h e  h o t - s p r i n g  
c h a n n e l s  were commonly veneered  wi th  a  1- t o  2-cm-thick l a y e r  of c a l c i t e .  
Orange b a c t e r i a l  mats and blue-green a l g a e  commonly 1  ined t h e  c h a n n e l s  
f a r t h e r  down s t r e a m .  Flow from t h e  h o t - s p r i n g  c h a n n e l s  combines wi th  
r u n o f f  from a d j a c e n t  snow p a t c h e s  ( p r e s e n t  on 8 / 1 1 / 8 0 )  i n t o  a  s i n g l e  
c h a n n e l ,  which then  d r a i n s  a long  t h e  a d j a c e n t  moraine and i n t o  t h e  
co ld -wate r  s t r e a m  below t h e  s p r i n g s .  

A few h o t - s p r i n g  c h a n n e l s  were d r y ,  i n d i c a t i n g  d i s c h a r g e  may s e a s o n a l l y  
f l u c t u a t e  w i t h  t h e  a v a i l a b i l i t y  of ground w a t e r .  A smal l  a r e a  of s t eaming  
ground o c c u r s  ups lope  and a d j a c e n t  t o  some of t h e s e  d r y  s p r i n g  b a s i n s .  

c .  The t h i r d  a r e a  of a c t i v i t y  con : ; i s t s  of a  50-m l i n e a r  zone of seeps  and a  
few h o t  s p r i n g s  l o c a t e d  about 0 . 5  km downstream f om t h e  p r e v i o u s  hot-  
s p r i n g s  s i t e  ( f i g .  2 4 ) .  The thermal  w a t e r s  i s s u e  from co l luv ium a t  t h e  
b a s e  of  t h e  e a s t e r n  v a l l e y  wall., s e v e r a l  me te r s  above the  main s t r e a m  
c h a n n e l .  Water t e m p e r a t u r e s  range from 1 7 "  t o  7 8 ' ~ ~  wi th  t h e  combined 
f low v i s u a l l y  e s t i m a t e d  a t  60 I.pm. The w a t e r s  emerge p r i n c i p a l l y  th rough  
s e e p s .  Three  o r  f o u r  smal l  s p r i n g s  a l s o  o c c u r ,  i n c l u d i n g  one from a  smal l  
s i n t e r  cone and a n o t h e r  wi th  an e s t i m a t e d  d i s c h a r g e  of 30 lpm. The s p r i n g  
c h a n n e l s  and much of t h e  s u r r o u n d i n g  ground a r e  coa ted  wi th  c a l c i t e ,  
i n d i c a t i n g  f low may f l u c t u a t e  o r  may have been much g r e a t e r  a t  one t ime .  
Outf low of t h e  the rmal  w a t e r s  from t h e  a r e a  i s  d i v e r t e d  by a  media l  
mora ine  f o r  s e v e r a l  m e t e r s  b e f o r e  i t  j o i n s  the  main s t r e a m  c h a n n e l .  

T a b l e  16 g i v e s  d a t a  on the rmal  w a t e r s  o b t a i n e d  from s i t e  B and a  p a r t i a l  
a n a l y s i s  of  a  sample from s i t e  C .  

Key f e a t u r e s  of t h e  thermal  water  c h e m i s t r y  a r e  t h e  ex t remely  low l e v e l s  
o f  c h l o r i d e  p r e s e n t ,  t h e  n e a r l y  n e u t r a l  pH, t h e  r e l a t i v e l y  low c a t i o n  c o n t e n t ,  
and t h e  c o m p a r a t i v e l y  h i g h  l e v e l  of  magnesium and ca lc ium.  The h igh  s u l f a t e  
c o n t e n t  p robab ly  a r i s e s  from t h e  o x i d a t i o n  of H2S g a s e s  a s s o c i a t e d  wi th  t h e  
f u m a r o l i c  a c t i v i t y .  The w a t e r s  a r e  s i m i l a r  t o  t h o s e  t h a t  have been c l a s s i f i e d  
a s  b i c a r b o n a t e - s u l f a t e  w a t e r s  by o t h e r s  ( w h i t e ,  1957;  E l l i s  and Mahon, 1 9 6 4 ) .  
Such w a t e r s  t y p i c a l l y  occur  on t h e  f l a n k s  ( o r  i n  w e l l s  d r i l l e d  t h e r e o n )  of  
a c t i v e  v o l c a n o e s  i n  i s l a n d - a r c  s e t t i n g s  (Oki and H i r a n o ,  1970; Mahon and 
o t h e r s ,  1 9 8 0 ) .  

R e s e r v o i r  P r o p e r t i e s  

The c h e m i s t r y  of t h e  thermal  w a t e r s  and t h e  o c c u r r e n c e  of t h e  fumarole 
f i e l d  i n d i c a t e  t h e  p r e s e n c e  of a t  l e a s t  a  s h a l l o w  vapor-dominated zone under-  
l y i n g  t h e  a r e a .  The magnesium and c a l c i u m  c o n t e n t s  of t h e  thermal  w a t e r s  
emerging a t  t h e  s 'urface i n d i c a t e s  t h e  w a t e r s  a r e  p robab ly  s u r f a c e  m e t e o r i c  
w a t e r s  i n f  i l t r a t i n g  t o  r e l a t i v e l y  s h a l l o w  dep ths  and be ing  hea ted  by steam 
r i s i n g  from a  d e e p e r  r e s e r v o i r .  The s o u r c e  of steam may u l t i m a t e l y  be d e r i v e d  
from a  deep ,  b o i l i n g ,  hot -water  sys tem o v e r l y i n g  a  c o o l i n g  magma body. The 
h i g h  s i l i c a  c o n t e n t  i n  t h e  s p r i n g  w a t e r s  s u g g e s t s  t e m p e r a t u r e s  i n  t h e  s h a l l o w  
perched r e s e r v o i r  may approach 1 5 0 ° c ,  i f  e q u i l i b r a t i o n  wi th  q u a r t z  is assumed. 
The l a r g e  volume of  steam e s c a p i n g  firom t h e  a r e a  and the  l a r g e  a r e a  covered by 
hydro the rmal  a1  t e r a t  i o n  and thermal  a c t i v i t y  i n d i c a t e  a  hot  r e s e r v o i r  sys  tem 
e x i s t s  and t h a t  i t  p robab ly  exceeds  1 . 5 0 " ~ .  



Table  1 6 .  Chemical compos i t ion  and p h y s i c a l  p r o p e r t i e s  of  
Makushin G l a c i e r  V a l l e y  h o t  s p r i n g s  1,  2, and 3 

( A l l  chemical  a n a l y s e s  i n  mg/ 1 . ) 

F  
B r  
I 
B 

H2 
S r 
pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (rng/caco3) 
Sp conduc tance  ( p h o / c m  a t  2 5 " ~ )  
T  ( " c )  
Flow r a t e  ( lpm) 
Date  sampled 

MG-B 1 MG-C 

nd - Not d e t e r m i n e d .  

No g e o p h y s i c a l  e x p l o r a t i o n  o r  e x p l o r a t o r y  d r i l l i n g  has  y e t  been done a t  
t h e  s i t e .  The t h i c k n e s s  of t h e  perched w a t e r  r e s e r v o i r ,  t h e  u n d e r l y i n g  vapor-  
dominated zone,  and d e p t h  t o  t h e  h o t  wa te r  o r  s team r e s e r v o i r  a l l  need t o  be 
d e t e r m i n e d .  

Comments 

The f a u l t  sys tem mapped s o u t h e a s t  of t h i s  thermal  a r e a  may p r o v i d e  con- 
d u i t s  f o r  t h e  the rmal  f l u i d s  t h a t  a r e  a scend ing  from deep w i t h i n  t h e  geothermal  
sys tem.  The t r e n d  of t h i s  f a u l t  and t h o s e  of a  l a r g e  p r o p o r t i o n  of l i n e a r  
f e a t u r e s  on n o r t h e r n  Una laska ,  i n c l u d i n g  t h o s e  a s s o c i a t e d  w i t h  Makushin 
Volcano,  a r e  a p p r o x i m a t e l y  N .  50"  W .  ( ~ r e w e s  and o t h e r s ,  1 9 6 1 ) .  T h i s  o r i e n t a -  
t i o n  is  about  t h e  same a s  t h e  d i r e c t i o n  of convergence of t h e  North American 
and P a c i f i c  t e c t o n i c  p l a t e s .  Major t e n s i o n a l  f e a t u r e s  a r e  c o n s i d e r e d  t o  pro- 
p a g a t e  i n  t h i s  d i r e c t i o n ,  t h e  d i r e c t i o n  of maximum h o r i z o n t a l  compress iona l  
s t r e s s  ( ~ a k u m u r a  and o t h e r s ,  1 9 7 7 ) .  Such deep-seated f r a c t u r e s  can p rov ide  
avenues  f o r  i n t r u s i o n  of v o l c a n i c  d i k e s  and f e e d e r  sys tems f o r  s u r f a c e  the rmal  
v e n t s  . 



The s e t t i n g  and c h e m i s t r y  of t h e  G l a c i e r  V a l l e y  the rmal  a r e a  is s i m i l a r  i n  
many r e s p e c t s  t o  t h a t  of o t h e r  a c t i v e  i s l a n d - a r c  v o l c a n i c  sys tems ( 0 k i  and 
Hirarw,  1970;  Mahon and o t h e r s ,  1 9 8 0 ) .  D e t a i l e d  i n v e s t i g a t i o n s  of such 
v o l c a n i c  sys tems i n  o t h e r  a r e a s  i n d i c a t e  t h a t  t h e  h e a t  d r i v i n g  the  secondary  
hydro  the rmal  r e s e r v o i r s  and producing the  s u r f a c e  s p r i n g s  and fumaroles  is 
d e r i v e d  from pr imary r e s e r v o i r s  of a  hot  sodium c h l o r i d e  b r i n e  t h a t  o v e r l i e  
c o o l i n g  magma b o d i e s .  Temperatures  i n  such thermal  b r i n e  r e s e r v o i r s  a r e  known 
t o  exceed 3 0 0 " ~ .  I f  such a  deep h igh- tempera tu re  b r i n e  r e s e r v o i r  e x i s t s  a t  
Makushin, i t  may u l t i m a t e l y  prove t h e  most p r o d u c t i v e  geothermal  r e s e r v o i r  i n  
t h e  sys tem.  

The o c c u r r e n c e  of a  h igh-  t e m p e r a t u r e  geothermal  r e s e r v o i r  i n  t h e  v i c i n i t y  
of a  p o p u l a t i o n  c e n t e r  s e e k i n g  t o  expand i t s  f i s h i n g  i n d u s t r y  makes t h e  
d e t a i l e d  i n v e s t i g a t i o n  of t h e  Makushin geothermal  r e s o u r c e  a t t r a c t i v e .  One 
p o t e n t i a l  d e t e r r e n t  t o  t h e  development of t h i s  r e s o u r c e  is t h e  v o l c a n i c  h a z a r d s  
a s s o c i a t e d  w i t h  t h e  s t i l l - a c t i v e  Makushin Volcano.  



MAKUSHIN VALLEY THERMAL AREAS 

Locat  i o n  

L a t i t u d e  53O 5 5 '  N . ,  l o n g i t u d e  166" 50 '  W . ;  
Una laska  1:250,000 Quadrangle  (1951) 

Genera l  D e s c r i ~ t i o n  

The Makushin V a l l e y  the rmal  a r e a s  a r e  l o c a t e d  a t  t h e  head of Makushin 
V a l l e y  on t h e  e a s t - n o r t h e a s t  f l a n k  of Makushin Volcano,  abou t  5 km e a s t  of t h e  
summit c a l d e r a  ( f i g .  21 and 2 2 ) .  Makushin V a l l e y  t r e n d s  westward f o r  1 3  km 
from Broad Bay b e f o r e  t e r m i n a t i n g  on Makushin Volcano.  The lower p a r t  of t h e  
v a l l e y  i s  a  3-km-wide U-shaped g l a c i e r  v a l l e y ,  whereas t h e , u p p e r  r e a c h e s  of t h e  
v a l l e y  c o n s i s t  of  s e v e r a l  s m a l l  canyons i n c i s e d  i n t o  t h e  f l a n k s  of Makushin 
Volcano.  The canyons a r e  f l a n k e d  by s t e e p  v a l l e y  w a l l s  r i s i n g  300 t o  600 m 
above s t r e a m  l e v e l .  Ridge t o p s  a r e  commonly rounded p l a t e a u s  and range  from 
300 t o  900 m h i g h .  

The r e g i o n  h a s  been i n t e n s e l y  g l a c i a t e d .  A g l a c i e r  s t i l l  r e s i d e s  on t h e  
upper f l a n k s  of  t h e  v o l c a n o  above t h e  the rmal  a r e a ,  and i n  p l a c e s  descends  t o  
e l e v a t i o n s  of 700 m .  The upper p a r t  of  t h e  v o l c a n o ,  however,  s t i l l  r e t a i n s  t h e  
shape of  a  s h i e l d  v o l c a n o .  

There  a r e  t h r e e  a r e a s  of the rmal  a c t i v i t y  t h a t  occur  a long  t h e  upper 
r e a c h e s  o f  t h e  Makushin River  ( f i g .  2 2 ) .  The h i g h e s t  of t h e s e  c o n s i s t s  of a  
b road  f i e l d  of mi ld  f u m a r o l i c  a c t i v i t y ,  l o c a t e d  between 640 and 820 m i n  e leva-  
t i o n  on t h e  e a s t  f l a n k  of  t h e  v o l c a n o .  The second a r e a  c o n s i s t s  of a  c l u s t e r  
of  h o t  s p r i n g s  a t  an e l e v a t i o n  of 570 m ,  l o c a t e d  a t  t h e  base  of t h e  r i d g e  con- 
t a i n i n g  t h e  fumarole  f i e l d .  The t h i r d  a r e a  o c c u r s  abou t  2 . 5  km f a r t h e r  down- 
s t r e a m  and c o n s i s t s  of a  few s team v e n t s  and mild  fumaroles  wi th  a s s o c i a t e d  
the rmal  w a t e r s .  

The the rmal  a r e a s  a r e  r e l a t i v e l y  i n a c c e s s i b l e  and were reached by h e l i -  
c o p t e r  from t h e  v i l l a g e  o f  Una laska ,  which l i e s  abou t  20 km e a s t  of t h e  s i t e s .  
Al though remote ,  t h e  s i t e s  could  be reached by f o l l o w i n g  an o l d  m i l i t a r y  j eep  
t r a i l  s t a r t i n g  e i t h e r  from Broad Bay and go ing  up Makushin V a l l e y  o r  from an 
abandoned a i r s t r i p  n e a r  Dri f twood bay and ascend ing  t o  a  b a s a l t  p l a t e a u  a t  an 
e l e v a t i o n  o f  300 m,  l o c a t e d  n o r t h  of t h e  the rmal  a r e a s .  From t h e r e  the  s i t e s  
c a n  be reached  by a  5-km c r o s s - c o u n t r y  t r e k .  

Geology 

Bedrock i n  t h e  v i c i n i t y  of t h e  the rmal  f i e l d  c o n s i s t s  of a  complex m i x t u r e  
of  t h e  Unalaska  Format ion and t h e  p l u t o n s  and d i k e s  t h a t  i n t r u d e  i t .  Recent 
l a v a  f lows  and p y r o c l a s t i c  r o c k s ,  c o l l e c t i v e l y  termed t h e  E i d e r  p o i n t  B a s a l t  , 
occur  immediate ly  n o r t h  of  t h e  the rmal  a r e a  ( ~ r e w e s  and o t h e r s ,  1 9 6 1 ) .  

Outcrops  on t h e  r i d g e  above t h e  the rmal  f i e l d  a r e  a l t e r e d  p o r p h y r i t i c  
gabbros  c o n t a i n i n g  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  of p l a g i o c l a s e ,  
l a b r a d o r i t e  t o  b y t o w n i t i t e  i n  c o m p o s i t i o n ,  up t o  8 mm long ,  c o n t a i n e d  i n  a  
f i n e - g r a i n e d  groundmass of f e l d s p a r s ,  pyroxenes ,  and s u l f i d e s .  The g a b b r o i c  
r o c k s  a r e  c u t  by b a s a l t i c  d i k e s  of  s i m i l a r  c o m p o s i t i o n .  The fumaro les  them- 



s e l v e s  emanate main ly  from h i g h l y  c h l o r i t  i z e d  rocks  of t h e  Unalaska  Format i o n .  
The ground s u r r o u n d i n g  t h e  fumaro les  h a s  been i n t e n s e l y  h y d r o t h e r m a l l y  a l t e r e d  
t o  v a r i c o l o r e d  c l a y s ,  p redomina te ly  k a o l i n i t e .  

The s l o p e  above t h e  fumarole  f i e l d  is  capped by a  20-m-thick s e r i e s  o f  
f i v e  o r  s i x  b a s a l t i c  f lows t h a t  p robab ly  o r i g i n a t e d  from t h e  summit of Makushin 
Volcano.  These f lows t e r m i n a t e  i n  a  v e r t i c a l  c l i f f  f a c e ,  formed by g l a c i a l  
e r o s i o n .  The l a v a  f lows do no t  appear  a l t e r e d ;  t h e  fumaro l i c  a c t i v i t y  does no t  
ex tend  beyond t h e  c l i f f  f a c e .  

F resh  g l a c i a l  d e b r i s  i s  s c a t t e r e d  o v e r  much of t h e  the rmal  f i e l d ,  i n d i c a t -  
ing  t h e  a r e a  was p robab ly  covered w i t h  i c e  d u r i n g  n e o g l a c i a l  advances .  The 
s t r e a m  bed below t h e  fumaro les  l i e s  i n  a  s t e e p  r a v i n e  f l o o r e d  w i t h  boulder-  
s i z e d  a n g u l a r  v o l c a n i c  r o c k s .  

Fumaroles and h o t - s p r i n g s  c h a r a c t e r i s t i c s  

The the rmal  a c t i v i t y  o c c u r s  i n  t h r e e  d i f f e r e n t  a r e a s ;  two of t h e  s i t e s  a r e  
p r o b a b l y  r e l a t e d  and o c c u r  i n  a  c i r q u e l i k e  f e a t u r e .  

a .  Mild f u m a r o l i c  a c t i v i t y  c o v e r s  an a r e a  of about 0 .25 km2 and l i e s  
between e l e v a t i o n s  o f  640 and 820 m on t h e  s t e e p  n o r t h w e s t  s l o p e  of t h e  
s o u t h e a s t  f o r k  of the  upper ~ a k u s h i n "  River  v a l l e y .  The thermal  f i e l d  
o c c u r s  n e a r  t h e  headwate r s  of  t h e  s t r e a m  and c o n s i s t s  of numerous 
fumaro les  and s team v e n t s  d i s p e r s e d  over  a  s e r i e s  of rounded k n o l l s  and 
t e r r a c e s  t h a t  form t h e  v a l l e y  s l o p e s .  Three  broad t e r r a c e s  of f u m a r o l e s ,  
each about  20 m wide,  l e a d  i n  s t e p s  t o  t h e  v e r t i c a l  c l i f f  of v o l c a n i c  
f lows  above t h e  the rmal  f i e l d .  

The v e n t s  a r e  m i l d l y  t o  m o d e r a t e l y  p r e s s u r i z e d ,  wi th  vapor  plumes of 
s e v e r a l  m e t e r s  r i s i n g  from t h e  more a c t i v e  v e n t s .  B o i l i n g  wa te r  can be  
h e a r d  j u s t  below t h e  s u r f a c e  a t  s e v e r a l  of t h e  o r i f i c e s ,  which i n d i c a t e s  
s u r f a c e  r u n o f f  is be ing  h e a t e d  by condensing s team.  Fumaroles were a t  o r  
s l i g h t l y  below t h e  b o i l i n g  p o i n t ;  a s s o c i a t e d  p o o l s  ranged from 80"  t o  
95 " c .  The o r i f  i c e s  were commonly surrounded by s u b l i m a t e s  and mu1 t ihued 
a l t e r a t i o n  c l a y s .  S e v e r a l  of t h e  v e n t s  occur red  i n  smal l  bowl-shaped 
d e p r e s s i o n s ;  o t h e r s  emanated from smal l  mounds of d e b r i s  p robab ly  c a r r i e d  
t o  t h e  s u r f a c e  by t h e  upf low of s team and g a s e s .  

b .  Th i s  s i t e  , c o n s i s t s  of a  s e m i c i r c u l a r  c l u s t e r  of h o t  s p r i n g s  perched a  
c o u p l e  of m e t e r s  above s t r e a m  l e v e l  a t  t h e  base  of t h e  c i r q u e  c o n t a i n i n g  
fumarole  f i e l d  A .  The s p r i n g s  a r e  l o c a t e d  a t  an e l e v a t i o n  of abou t  560 m 
i n  a  smal l  bowl i n d e n t e d  i n t o  what a p p e a r s  t o  be g l a c i a l  d r i f t .  The 
the rmal  w a t e r s  i s s u e  from f o u r  p r i n c i p a l  v e n t s ,  spaced abou t  1 m a p a r t ,  
each  hav ing  an e s t i m a t e d  d i s c h a r g e  of 10 lpm; t h e r m a l  water  a l s o  a r i s e s  
from s e v e r a l  a d d i t i o n a l  s e e p s  i n  the  marshy b a s i n  of t h e  bowl.  Outf low 
from t h e  s p r i n g s  and s e e p s  merge i n t o  a  s i n g l e  channel  b e f o r e  e n t e r i n g  t h e  
main c o l d  s t r e a m .  S p r i n g  t e m p e r a t u r e s  ranged from 80"  t o  8 7 . 5 ' ~ .  Reddish 
o x i d e - s t a i n e d  rocks  occur  n e a r  t h e  the rmal  wa te r s  ; s il i c e o u s  o range  s i n t e r  
d e p o s i t s  and blue-green a l g a l  mats  l i n e  the  s p r i n g  c h a n n e l s .  

Another s e r i e s  of the rmal  s p r i n g s  measuring up t o  8 0 " ~  occur  about  50 m 
f a r t h e r  downstream along t h e  banks of t h e  main cold-water  channe l  and a t  
t h e  b a s e  of  a  w a t e r f a l l  on t h e  s t e e p  n o r t h e r n  v a l l e y  s l o p e .  The v a l l e y  
narrows beyond t h i s  p o i n t  t o  form a  smal l  canyon s e v e r a l  k i l o m e t e r s  l o n g .  



c .  The t h i r d  s i t e  o c c u r s  a t  an e l e v a t i o n  of about 360 m on a  small 30-m-wide 
bench l o c a t e d  abou t  75 m above s t r e a m  l e v e l  on t h e  s t e e p  n o r t h e r n  w a l l  o f  
t h e  v a l l e y ,  about 2 . 5  km downstream from t h e  p r e v i o u s  s i t e s .  Thermal 
a c t i v i t y  c o n s i s t s  of  a  2,500-m2 a r e a  of  mi ld  b o i l i n g - p o i n t  f u m a r o l i c  
a c t i v i t y ,  mudpots,  and h y d r o t h e r m a l l y  a 1  t e r e d  ground,  and a  the rmal  s p r i n g  
and some s e e p s  about 100 m west  and 4 m below t h e  f u m a r o l e s .  The 
fumaro les  and s p r i n g  emanate from co l luv ium accumulated on t h e  bench.  The 
h o t  s p r i n g  h a s  a  t e m p e r a t u r e  of 6 7 ° C  and a  low r a t e  of d i s c h a r g e ,  v i s u a l l y  
e s t i m a t e d  a t  l e s s  t h a n  10 lpm. 

T a b l e  17  g i v e s  t h e  chemica l  and p h y s i c a l  p r o p e r t i e s  of  the rmal  s p r i n g  
w a t e r s  o b t a i n e d  from s i t e s  B and C .  These w a t e r s  a r e  s i m i l a r  i n  most r e s p e c t s  
t o  t h o s e  found a t  t h e  G l a c i e r  V a l l e y  s i t e ,  namely, v e r y  low c h l o r i d e ,  h i g h  
s i l i c a ,  h i g h  p r o p o r t i o n  o f  c a l c i u m  and magnesium, and r e l a t i v e l y  h i g h  
b i c a r b o n a t e  and s u l f a t e .  The Makushin V a l l e y  s p r i n g s  a r e  s l i g h t l y  more a c i d i c .  
As  i n  t h e  G l a c i e r  V a l l e y  c a s e ,  t h e  c o m p a r a t i v e l y  h i g h  Ca and Mg c o n t e n t  of t h e  
w a t e r s  r e l a t i v e  t o  t h e  o t h e r  c a t i o n s  i n d i c a t e s  t h e  w a t e r s  a r e  d e r i v e d  from a  
low-temperature  r e s e r v o i r  o r  pe rhaps  r e s u l t  from t h e  admix tu re  of h e a t e d  su r -  
f a c e  w a t e r s  w i t h  d e e p e r ,  h o t t e r  the rmal  w a t e r s .  The s u l f a t e  and b i c a r b o n a t e  
p r o b a b l y  r e s u l t  from t h e  o x i d a t i o n  of  H2S and C02 g a s e s  r i s i n g  from deeper  
i n  t h e  v o l c a n i c  sys tem.  

Tab le  1 7 .  Chemical composi t  i o n  and p h y s i c a l  p r o p e r t i e s  of 
Makushin V a l l e y  h o t  s p r i n g s  s i t e s  B and C 

( a l l  chemical  a n a l y s e s  i n  m g / l ) .  

DGGS DGGS 
C h a r a c t e r i s t i c s  S i t e  B S i t e  C 

S  i 0 2  
A1 
Fe 
Ca 
M g  
Na 
K 
L i 
HCO3 

so4 
C 1  
F 
B r  
I 
B 

H2 
S r 
pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (mg/ C ~ C O ~ )  
Sp conduc tance  (pmho/cm a t  2 5 ' ~ )  
T  ( " c )  
Flow r a t e  ( lpm)  
Da te  sampled 

nd - Not d e t e r m i n e d .  



Table  18 g i v e s  t h e  chemical  compos i t ion  of fumaro l i c  gas  samples o b t a i n e d  
from s i t e s  A and C .  The dominant g a s  i n  bo th  f i e l d s  is carbon d i o x i d e .  Gases 
emerging from t h e  upper fumarole  f i e l d  ( s i t e  A )  c o n t a i n  p r o p o r t i o n a t e l y  h i g h e r  
p e r c e n t a g e s  o f  hydrogen s u l f i d e  and hydrogen gas  than  t h o s e  emerging from t h e  
lower the rmal  f i e l d  ( s i t e  c ) ,  perhaps  because  fumaro l i c  g a s e s  a t  s i t e  C have 
had more i n t e r a c t i o n  wi th  ground w a t e r s .  The n i t r o g e n  and argon a r e  probably  
of  a tmospher ic  o r i g i n ,  and a r e  p robab ly  d i s s o l v e d  i n  i n f i l t r a t i n g  s u r f a c e  
w a t e r s  ( ~ a z o r  and Wasserberg ,  1 9 6 5 ) .  The low c o n c e n t r a t i o n  of oxygen i n  bo th  
c a s e s  i s  p robab ly  due t o  o x i d a t i o n  of H2S and Hz.  

R e s e r v o i r  P r o p e r t i e s  

The o c c u r r e n c e  of t h e  the rmal  s p r i n g s  a t  t h e  base  of fumarole f i e l d s  i n  
Makushin V a l l e y  s u g g e s t s  t h a t  a t  l e a s t  p a r t  of t h e  s p r i n g  w a t e r s  may o r i g i n a t e  
a s  c o n d e n s a t i o n  of  s team i n  s u r f a c e  w a t e r s ,  which then p e r c o l a t e  i n t o  t h e  
porous co l luv ium and c o u n t r y  rock  t o  e v e n t u a l l y  emerge a s  s p r i n g s .  The h i g h  
s i l i c a  c o n t e n t  of t h e  thermal  w a t e r s ,  however, i n d i c a t e s  t h a t  a  l a r g e  p o r t i o n  
of  t h e  w a t e r s  must have o r i g i n a t e d  from a  s u b s u r f a c e  r e s e r v o i r  where tempera- 
t u r e s  exceed 150°C, assuming t h e  s i l i c a  i s  i n  e q u i l i b r i u m  with  q u a r t z .  S u r f a c e  
w a t e r s  i n f i l t r a t i n g  t h i s  r e s e r v o i r  may become h e a t e d  on d e s c e n t ,  c a u s i n g  d i s -  
s o l u t i o n  of  c a t i o n s  i n  t h e  wa l l  r o c k ,  a  p r o c e s s  a ided  i n  p a r t  by t h e  s l i g h t  
a c i d i t y  of  t h e  w a t e r s .  The l e v e l s  of c a l c i u m ,  and p a r t i c u l a r l y  magnesium, 
r e l a t i v e  t o  sodium and po tass ium i n d i c a t e  t h e  r e s i d e n c e  t ime of w a t e r s  i n  t h e  
r e s e r v o i r  i s  t o o  s h o r t  f o r  t h e s e  c o n s t i t u e n t s  t o  e q u i l i b r a t e  t o  t h e  e s t i m a t e d  
r e s e r v o i r  t e m p e r a t u r e .  S i l i c a  can e q u i l i b r a t e  r a t h e r  r a p i d l y ,  w i t h i n  s e v e r a l  
days  t o  a few weeks. Th i s  s u g g e s t s  t h e  r e s e r v o i r  supp ly ing  t h e  the rmal - sp r ing  
w a t e r s  l i e s  a t  f a i r l y  s h a l l o w  d e p t h s .  The low c h l o r i d e  c o n t e n t  and t h e  
s l i g h t l y  a c i d - s u l f a t e  c h e m i s t r y  of  t h e  thermal  w a t e r s ,  t o g e t h e r  wi th  t h e i r  
a s s o c i a t i o n  wi th  fumarol i c  a c t i v i t y ,  a r e  ev idence  f o r  a  perched r e s e r v o i r  
s u p p l i e d  by m e t e o r i c  w a t e r s  t h a t  a r e  h e a t e d  by steam and v o l c a n i c  g a s e s  r i s i n g  
t h r o u g h  a  vapor-dominated zone from a  much deeper  r e s e r v o i r .  

T a b l e  1 8 .  Chemical compos i t ion  o f  fumaro l i c  g a s e s  from 
Makushin V a l l e y  thermal  f i e l d  
( a n a l y s i s  i n  volume p e r c e n t ) .  

S i t e  A S i t e  C 

3 
J .  Welham and R .  P o r e d a ,  a n a l y s t s ,  S c r i p p s  
I n s t i t u t i o n  of Oceanography, La J o l l a ,  C a l i f .  

b ~ .  Moorman, a n a l y s t ,  DGGS. 

The hydrogen s u l f i d e  and he1 ium probab ly  have magmatic o r i g i n s ,  as  does a s  
l e a s t  p a r t  of t h e  carbon d i o x i d e  ( ~ r a i g ,  1963; White ,  1 9 6 8 ) .  An a n a l y s i s  of 



3 t h e  r a t i o  of  ~ e : ~ ~ e  i n  t h e  f u m a r o l i c  g a s e s  o b t a i n e d  i n  c o o p e r a t i o n  w i t h  R. 
Poreda  a t  t h e  S c r i p p s  I n s t i t u t e  of Oceanography is g i v e n  below: 

MV-A MV-C 
4 .9  6 . 6  

An enr ichment  i n  3 ~ e  i n  f u m a r o l i c  g a s e s  has been c o r r e l a t e d  wi th  
magmatic a c t i v i t y  on a  worldwide b a s i s ,  t h e  source  of 3 ~ e  thought  t o  be 
d e r i v e d  from p r i m o r d i a l  m a n t l e  m a t e r i a l   upto ton and C r a i g ,  1975; C r a i g  and 
o t h e r s ,  1978;  R. P o r e d a ,  p e r s .  c o m u n . ) .  The v a l u e s  f o r  t h e  Makushin fumaroles  
a r e  w i t h i n  t h e  range  of  o t h e r  v o l c a n i c  i s l a n d - a r c  geo the rmal  s y s t e m s .  

The hydrogen c o n t e n t  of  t h e  g a s e s  is  p robab ly  produced by h igh- tempera tu re  
r e a c t i o n  of w a t e r  w i t h  fe . rous  o x i d e s  and s i l i c a t e s  c o n t a i n e d  i n  t h e  deep re- 
s e r v o i r  r o c k s  ( ~ e w a r d ,  1974)  . 

T a b l e  19 g i v e s  t h e  r e s u l t s  of  a p p l y i n g  t h e  D' Amore and P a n i c h i  (1980)  gas 
geothermometer  t o  t h e  Makushin fumarole  samples .  From t h e  p r o p o r t  ions  of g a s e s  
p r e s e n t ,  B i s  chosen a s  0 and t h e  r e s p e c t i v e  r e s e r v o i r  t e m p e r a t u r e  e s t i m a t e s  
a r e  278°C and 168°C f o r  s i t e s  A and C .  These e s t i m a t e s  must be used w i t h  
c a u t i o n .  The a c c u r a c y  of  t h i s  geothermometer h a s  no t  y e t  been g e n e r a l l y  ac- 
c e p t e d .  Fur the rmore ,  t h e  g a s e s  have p robab ly  undergone r e a c t i o n  wi th  a  s h a l l o w  
r e s e r v o i r  which may have a f f e c t e d  t h e i r  H2S and Hz c o n t e n t s .  

D e s p i t e  t h e  u n c e r t a i n t i e s  i n  t h e  gas  geo the rmomete r s ,  the  l a r g e  f l u x  o f  
s t eam and t h e  p r o b a b l e  magmatic o r i g i n  of some of t h e  f u m a r o l i c  g a s e s  i n d i c a t e  
t h e  e x i s t e n c e  of a  h i g h - t e m p e r a t u r e ,  deep geothermal  r e s e r v o i r .  

T a b l e  1 9 .  Gas geothermometry ,  ( I )  ~ a k u s h i n  V a l l e y  fumaroles  
( t e m p e r a t u r e s  " c ) .  

B" - S i t e  A S i t e  C 

* f o r  e x p l a n a t i o n  of  B ,  s e e  t a b l e  3 b .  

Comment s 

The ~ a k u s h i n  V a l l e y  hydro the rmal  sys tem i s  s i m i l a r  i n  most r e s p e c t s  t o  the  
G l a c i e r  V a l l e y  sys tem.  Both a r e  c h a r a c t e r i z e d  by e x t e n s i v e  f i e l d s  of mi ld  
f u m a r o l i c  a c t i v i t y  and the rmal  s p r i n g s  low i n  c h l o r i d e  and r i c h  i n  s u l f a t e  and 
b i c a r b o n a t e .  The p r o x i m i t y  of  t h e s e  f i e l d s  t o  each o t h e r  and t o  t h e  a c t i v e  
summit c a l d e r a  i n d i c a t e  a  common s o u r c e  of h e a t  u n d e r l i e s  t h e  v o l c a n o .  Com- 
p a r i s o n  w i t h  s i m i l a r  v o l c a n i c  sys tems e l sewhere  i n  t h e  world s u g g e s t s  t h e  
o r i g i n  of  t h e  hydro the rmal  s y s  tem is a  h igh- tempera tu re  sod ium-ch lo r ide  b r i n e  
o v e r l y i n g  a c o o l i n g  body of magma. Gases and steam e s c a p i n g  from t h i s  deep 
r e s e r v o i r  g i v e  r i s e  t o  r e s e r v o i r s  r i c h  i n  secondary  b i c a r b o n a t e - s u l f a t e  a t  
s h a l l o w e r  l e v e l s  and t o  t h e  f u m a r o l i c  f i e l d s  on t h e  f l a n k s  and summit of t h e  
v o l c a n o .  



The p o s t u l a t e d  deep b r i n e  r e s e r v o i r  should  be t h e  u l t i m a t e  t a r g e t  of any 
e x p l o r a t o r y  energy-development program. The Makushin V a l l e y  s i t e  l i e s  near  t h e  
v i l l a g e  of U n a l a s k a ,  t h e  c a p i t a l  of t h e  Ber ing Sea  f i s h i n g  i n d u s t r y .  An o l d  
m i l i t a r y  road  e x i s t s  a long t h e  lower p a r t  of Makushin V a l l e y ,  a f f o r d i n g  
p o t e n t i a l  a c c e s s  t o  t h e  s i t e .  However, c a u t i o n  must be e x e r c i s e d  b e f o r e  pro- 
ceed ing  w i t h  any development p l a n s .  The v o l c a n i c  h a z a r d s  and p o t e n t i a l  impact 
from e r u p t i o n s  must be e v a l u a t e d .  



SUMMER BAY HOT SPRINGS 

Locat  i o n  

L a t i t u d e  53 '53 .1 '  N . ,  l o n g i t u d e  166 '26.9 '  W .  
Unalaska  Quadrangle  1 :250,000 (1951)  T.  73 S . ,  R .  117 W . ,  Seward Mer id ian  

Genera l  d e s c r i p t i o n  

The Summer Bay h o t - s p r i n g s  s i t e  is l o c a t e d  nea r  t h e  base  of  t h e  e a s t  s l o p e  
of  a  n o r t h - s o u t h  t r e n d i n g  g l a c i a l  v a l l e y  abou t  2 km s o u t h  of Summer Bay and 
5 . 5  km west  of  t h e  v i l l a g e  of  Una laska  ( f i g s .  2 1  and 2 3 ) .  The s p r i n g s  occur  a t  
t h e  edge of  a  marsh l o c a t e d  abou t  0 . 5  km s o u t h e a s t  of a  s h a l l o w  1.5-km-long 
l a k e  t h a t  o c c u p i e s  t h e  n o r t h e r n  p a r t  of  t h e  v a l l e y .  G l a c i a t e d  r i d g e s  su r -  
round ing  t h e  v a l l e y  r i s e  up t o  550 m i n  e l e v a t i o n .  

The s i t e  can be reached  from t h e  v i l l a g e  of Una laska  v i a  a  j e e p  t r a i l  up 
t h e  Una laska  R i v e r  V a l l e y ,  over  a  460 m pass  and then  n o r t h  i n t o  t h e  unnamed 
v a l l e y  c o n t a i n i n g  t h e  s p r i n g s ;  t h e  12-km t r i p  r e q u i r e s  about 2 h r .  A road from 
Una laska  v i l l a g e  t o  Summer Bay a long  t h e  c o a s t  of I l i u l i u k  Bay i s  under r e p a i r  
and shou ld  be open by t h e  summer of 1981.  Both roads  d a t e  from W W - 1 1 .  The 
s p r i n g s  a r e  a l s o  a c c e s s i b l e  by smal l  b o a t ,  a l t h o u g h  c a u t i o n  should  be u s e d .  

The l a k e  and a s s o c i a t e d  s t r e a m s  i n  t h e  v a l l e y  a r e  spawning grounds  f o r  
sa lmon,  making t h e  a r e a  p o p u l a r  w i t h  l o c a l  s p o r t  f i s h e r m a n .  The s p r i n g s  a r e  
r e p o r t e d  t o  be used o c c a s i o n a l l y  f o r  r e c r e a t i o n  by l o c a l  townspeople .  

V e g e t a t i o n  i n  t h e  v a l l e y  i s  p redominan t ly  marsh g r a s s .  The a d j a c e n t  
v a l l e y  t o  t h e  n o r t h  i s  d r i e r  and sometimes used a s  g r a z i n g  p a s t u r e  f o r  l i v e -  
s t o c k .  There  a r e  numerous o l d  m i l i t a r y  b u i l d i n g s  i n  t h e  a r e a  which a r e  now 
by t h e  l o c a l  n a t i v e  c o r p o r a t i o n .  

Geology 

The v a l l e y  is covered wi th  a l l u v i a l  d e p o s i t s ;  beach d e p o s i t s  occur  n e a r  
t h e  c o a s t .  Bedrock c o n s i s t s  of t h e  Unalaska  Format ion,  a  t h i c k  sequence o f  
c o a r s e -  and f i n e - g r a i n e d  s e d i m e n t a r y  and p y r o c l a s t  i c  rocks  i n t e r c a l a t e d  wi th  
d a c i t i c ,  a n d e s i t i c ,  and b a s a l t i c  f lows and s i l l s ,  c u t  by numerous d i k e s  (Drewes 
and o t h e r s ,  1 9 6 1 ) .  Dikes n e a r  t h e  s p r i n g s  s i t e  g e n e r a l l y  t r e n d  west -nor thwest  
and were found t o  be f e l d s p a t h i c  b a s a l t  p o r p h y r i e s .  

S e v e r a l  n o r t h w e s t - t r e n d i n g  normal f a u l t s  occur  i n  t h e  a r e a .  A f a u l t  
immedia te ly  n o r t h  of  t h e  s p r i n g s  s i t e  has  a  s t r i k e  of N .  50' W .  Another normal 
f a u l t  l o c a t e d  s o u t h  of  t h e  v a l l e y  has  a  s i m i l a r  t r e n d  and i s  thought  t o  be 
Recent (Drewes and o t h e r s ,  1 9 6 1 ) .  

S p r i n g  c h a r a c t e r i s t i c s  

The the rmal  s p r i n g s  emerge from t h e  a l l u v i u m  i n t o  s h a l l o w  poo l s  l o c a t e d  a t  
t h e  b a s e  of  t h e  e a s t e r n  v a l l e y  s l o p e s .  The main pool i s  about  1  m i n  d i a m e t e r  
and h a s  a  maximum t e m p e r a t u r e  of 3 6 " ~ .  D i s c h a r g e  from t h i s  p o o l ,  measured a t  
64 lpm, j o i n s  a  smal l  warm s t r e a m  wi th  a  t e m p e r a t u r e  o f  15' t o  20°c  and a  f low 
r a t e  of  about 40 lpm. The combined w a t e r s  i n  t u r n  f low i n t o  a  second 1 m-dia 



warm pool  measur ing  2 0 " ~ .  The warm w a t e r s  e v e n t u a l l y  f low i n t o  a  marsh t h a t  
d r a i n s  towards  t h e  v a l l e y  l a k e .  Both poo l s  a r e  f l o o r e d  w i t h  o r g a n i c  muck and 
e x h i b i t  s l i g h t  gas  b u b b l i n g .  

During t h e  f a l l  of 1980,  two s h a l l o w  t e s t  w e l l s  were d r i l l e d  i n t o  i ron-  
s t a i n e d  sed iments  on t h e  s o u t h e a s t  s h o r e  of t h e  v a l l e y  l a k e .  The work was done 
by Dames and Moore A s s o c i a t e s  under s u p e r v i s i o n  of a  DGGS g e o l o g i s t  ( J .  Reeder ,  
p e r s .  comrnun.). The w e l l s  were spaced abou t  200 m a p a r t  and were l o c a t e d  about 
500 m n o r t h w e s t  of t h e  s p r i n g s  s i t e .  Both t e s t s  found a  warm-water a q u i f e r  
sys tem i n  b l a c k  sandy s o i l s  a t  a  d e p t h  of about  13 m.  Bedrock was encoun te red  
a t  a  d e p t h  of  about  17 m. Water flowed from w e l l  1 under  a r t e s i a n  p r e s s u r e s  a t  
180 lpm and a  t e m p e r a t u r e  o f  5 0 " ~ ;  w e l l  2 showed 30 lpm and 44°C. 

T a b l e  20 g i v e s  t h e  chemical  and p h y s i c a l  p r o p e r t i e s  of thermal  w a t e r s  
sampled from t h e  two w e l l s  d u r i n g  a r t e s i a n  f low and from t h e  main pool a t  t h e  
s p r i n g s  s i t e .  A l l  t h r e e  w a t e r s  have c h l o r i d e  and s u l f a t e  a s  t h e i r  major an ions  
and sodium and c a l c i u m  a s  t h e  major  c a t i o n s .  Compared t o  h o t  s p r i n g s  sampled 
e l s e w h e r e  i n  t h e  A l e u t i a n s ,  t h e  thermal  w a t e r s  a t  Summer Bay a r e  n o t a b l y  low i n  
s i l i c a .  However, t h e  s y s t e m a t i c  v a r i a t i o n s  of w a t e r  c h e m i s t r y  v s  measured 
t e m p e r a t u r e s  a t  Summer Bay i n d i c a t e  t h a t  co ld  w a t e r s  a r e  mixing wi th  thermal  
w a t e r s  ( t a b l e  2 1 ) .  Except f o r  ca/Mg, t h e  t h r e e  w a t e r s  a r e  n e a r l y  i d e n t i c a l  i n  
each of t h e  v a r i o u s  r a t i o s ,  i n d i c a t i n g  t h a t  t h e  w a t e r s  have a  common-parent 
the rmal  w a t e r  and t h a t  it undergoes  v a r y i n g  d e g r e e s  of mixing wi th  c o l d  w a t e r s .  
The c o l d e r  samples a r e  g e n e r a l l y  more d i l u t e  than  t h e  warmer samples ,  which 
s u g g e s t s  t h a t  t h e  cold-water  f r a c t i o n  i t s e l f  i s  v e r y  d i l u t e  wi th  r e s p e c t  to  t h e  
major  c o n s t i t u e n t s  and t h a t  t h e  chemical  c o n s t i t u e n t s  p r e s e n t  i n  t h e  sampled 
w a t e r s  a r e  main ly  d e r i v e d  from t h e  p a r e n t  thermal  w a t e r .  The v a r i a t i o n  i n  
magnesium c o n t e n t  could  be a t t r i b u t e d  t o  v a r y i n g  d e g r e e s  of r e e q u i l i b r a t i o n  of 
w a t e r s  i n  t h e  s h a l l o w  warm-water a q u i f e r  o r  perhaps  t o  t h e  d e r i v a t i o n  of 
magnesium from t h e  cold-water  f r a c t i o n .  

A 1  though t h e  above ev idence  i n d i c a t e s  most of  t h e  c o n s t i t u e n t s  p r e s e n t  i n  
t h e  w a t e r s  o r i g i n a t e d  from a  d e e p e r  p a r e n t  w a t e r ,  t h e  w e l l s  showed mar ine  s e d i -  
ments  a t  s h a l l o w  d e p t h s .  The p o s s i b i l i t y  t h a t  some o r  most of t h e  c o n s t i t u e n t s  
p r e s e n t  i n  t h e  w a t e r s  o r i g i n a t e d  from i n t e r a c t i o n  of warn w a t e r s  wi th  t h e s e  
s h a l l o w  sed iments  cannot  be d i s c o u n t e d .  

R e s e r v o i r  p r o p e r t i e s  

The t e s t  w e l l s  d r i l l e d  a t  Summer Bay documented the  e x i s t e n c e  of a  s h a l l o w  
warm-water a q u i f e r  r a n g i n g  up t o  50°C and l o c a t e d  s o u t h  of t h e  v a l l e y  l a k e .  
From t h e  w e l l  l o g ,  t h e  cap f o r  t h e  sys tem a p p e a r s  t o  be a  l i g h t l y  cemented 
l a y e r  of  "cha lky  c l a y w  t h a t  o c c u r s  a t  a  dep th  of about  10 .5  m ( ~ a i n e s  and Moore, 
1 9 8 0 ) .  A r t e s i a n  p r e s s u r e  was p robab ly  provided i n  p a r t  by t h e  s u r r o u n d i n g  
co ld -wate r  h y d r o s t a t i c  head and by t h e  bouyancy of  t h e  h e a t e d  w a t e r s .  Bedrock 
was encoun te red  af  t e r  p a s s i n g  th rough  about a  17-m-thic k sed imenta ry  sequence 
o f  c o a r s e -  and f i n e - g r a i n e d  sands  and c h a l k y  c l a y s ,  some of which c o n t a i n e d  
s h e l l  f r a g m e n t s .  Bottom c u t t i n g s  of bedrock from t h e  w e l l s  were b a s a l t i c  
c h i p s .  



Table  20.  Chemical compos i t ion  and p h y s i c a l  p r o p e r t i e s  of  
Summer Bay h o t  s p r i n g  and w e l l s  1 and 2  

( a l l  chemical  a n a l y s e s  i n  mg/ l )  . 
Hot s p r i n g  Well 1 Well 2  

pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (mg/caco3) 
Sp conduc tance  (pmho/cm a t  2 5 " ~ )  
T  ( " c )  
Flow r a t e  ( lpm) 
Date  sampled 

nd - Not de te rmined .  

T a b l e  21.  R a t i o s  of chemical  c o n s t i t u e n t s  i n  
S m e r  Bay thermal  w a t e r s .  

Rat i o  Thermal s p r i n g  Well 1 Well 2  

Na:Cl 0 .37 0 .36  0 .37  
K : C 1  0.007 0.007 0.007 
Ca: C 1  0.50 0 .50 0.50 
so4 : c1 0.61 0 .57 0.57 
Ca : Mg 202 7  3 36 
Na:K 50 5  1 5  1  
Ca : Na 1.35 1.39 1 . 3 5  

T a b l e  22 summarizes t h e  a p p l i c a t i o n  of s i l i c a  and c a t  i o n  geothermometry  to  
Summer Bay the rmal  w a t e r s .  Even w i t h  t h e  assumpt ion of  e q u i l i b r a t i o n  w i t h  
q u a r t z ,  t h e  s i l i c a  geothermometer p r e d i c t s  a  r e l a t i v e l y  c o o l ,  d e e p - r e s e r v o i r  
t e m p e r a t u r e  o f  60" t o  8 6 " ~ .  Although t h e  low s i l i c a  c o n t e n t s  of t h e s e  w a t e r s  
may be due i n  p a r t  t o  r e e q u i l i b r i u m  i n  t h e  s h a l l o w  warm-water a q u i f e r ,  t h e  
l i n e a r  t r e n d  w i t h  t e m p e r a t u r e  of s i l i c a  and s e v e r a l  o t h e r  c o n s t i t u e n t s  i n d i -  
c a t e s  t h a t  t h e  low s i l i c a  i s  p robab ly  due t o  e x t e n s i v e  mixing of c o l d  s u r f a c e  
w a t e r s  w i t h  ascend ing  the rmal  w a t e r s .  Such mixing cou ld  a l s o  p a r t i a l l y  e x p l a i n  
t h e  ambiguous r e s u l t s  of  t h e  c a t i o n  geothermometer .  



I f  mixing is assumed and t h e  l i n e a r  t r e n d  of t h e  s i l i c a  v s  e n t h a l p y  l i n e  i s  
ex tended  t o  i t s  i n t e r s e c t i o n  w i t h  t h e  q u a r t z  s o l u b i l i t y  c u r v e  ( e g .  T r u e s d e l l  
and F o u r n i e r ,  1 9 7 7 ) ,  t h e  d e e p - r e s e r v o i r  s i l i c a - c o n t e n t  and t e m p e r a t u r e  may be 
as h i g h  a s  150 ppm and 1 6 0 " ~ .  E x t r a p o l a t i o n  of t h e  l i n e a r  c h l o r i d e  t r e n d  of  
t h e  s u r f a c e  and s h a l l o w  a q u i f e r  thermal  w a t e r s  t o  1 6 0 " ~  s u g g e s t s  d e e p - r e s e r v o i r  
c h l o r i d e  c o n c e n t r a t i o n s  may be as  h igh  a s  5 , 0 0 0  ppm. 

Comments 

The c h e m i s t r y  of  t h e  w a t e r s  and t h e  l o c a t i o n  of t h e  thermal  s i t e  a t  the  
f l o o r  of  a  d r a i n a g e  b a s i n  i n d i c a t e  mixing of c o l d  s u r f a c e  w a t e r s  and deep 
a s c e n d i n g  the rmal  w a t e r s  o c c u r s  i n  t h e  s h a l l o w  s u b s u r f a c e  warm-water a q u i f e r .  
S t e e p  normal f a u l t s  a r e  l o c a t e d  nea r  t h e  s i t e ,  s u g g e s t i n g  deep-seated f r a c t u r e s  
a r e  c o n d u i t s  f o r  t h e  c i r c u l a t i o n  of  m e t e o r i c  w a t e r s .  The w a t e r s  become hea ted  
at: d e p t h  and e v e n t u a l l y  emerge a t  t h e  f l o o r  of t h e  v a l l e y .  The t r e n d  of the  
f a u l t s  is i n  t h e  d i r e c t i o n  of convergence of t h e  North American and P a c i f i c  
t e c t o n i c  p l a t e s  i n  t h i s  s e c t i o n  of t h e  A l e u t i a n  a r c .  

Tab le  2 2 .  Summer Bay thermal-water  geothermometry 
( a l l  t e m p e r a t u r e s  i n  "c )  . 

Thermal s p r i n g  Well 1 Well 2 

Sur f  a c e  t e m p e r a t u r e  35 50 44 

C a t i o n  geothermometers  

S i l i c a  geothermometers  

A d i a b a t i c  
Conduct ive  
Chalcedony 
C r i s t o b a l i t e  
Opal 

S i l i c a  mixing models i n d i c a t e  deep r e s e r v o i r  t e m p e r a t u r e s  may be a s  h i g h  
a s  1 6 0 " ~ .  C h l o r i d e - e n t h a l p y  a n a l y s e s  s u g g e s t  t h a t  t h e  thermal  w a t e r s  a r e  b r i n y  
w i t h  a  c h l o r i d e  c o n t e n t  a s  h igh  a s  5 , 0 0 0  ppm. F u t u r e  e x p l o r a t i o n  programs a t  
Summer Bay should  be des igned  t o  l o c a t e  t h e  f r a c t u r e  s y s t e m ( s )  t h a t  a r e  supply- 
ing  t h e  h o t  geo the rmal  b r i n e  t o  t h e  s h a l l o w  warm-water a q u i f e r .  



AKUTAN ISLAND 

Background 

Akutan I s l a n d  i s  l o c a t e d  i n  t h e  e a s t e r n  A l e u t i a n  I s l a n d s  a t  approx imate ly  
54"05 '  l a t i t u d e  and 165"55 '  l o n g i t u d e ,  abou t  45 km n o r t h e a s t  of  Unalaska  I s l a n d  
and 8 0  km sou thwes t  of Unimak I s l a n d  ( f i g .  1 ) .  The i s l a n d  i s  about  20 km wide 
and 30 km l o n g ,  w i t h  i t s  long  a x i s  a l i g n e d  w i t h  t h e  t r e n d  of t h i s  segment of 
t h e  A l e u t i a n  a r c .  V e r t i c a l  a e r i a l  photography is l a c k i n g  f o r  most of t h e  
i s l a n d  and,  e x c e p t  f o r  t h e  c o a s t l i n e  and a r e a s  immediate ly  a d j a c e n t  t o  i t ,  
t o p o g r a p h i c  coverage  on U.S. G e o l o g i c a l  Survey and U .S .  Coast  and Geode t i c  
Survey maps i s  n o n e x i s t e n t  o r  u n r e l i a b l e .  

The i s l a n d  is mounta inous  and rugged wi th  s h o r e l i n e s  dominated by s t e e p  
c l i f f s  and rocky h e a d l a n d s .  Akutan vo lcano  ( 1 , 3 0 0  m), a  composi te  s h i e l d  
v o l c a n o ,  and i t s  s a t e l l i t i c  v e n t s  dominate  t h e  w e s t e r n  p a r t  of  t h e  i s l a n d .  The 
v o l c a n o  h a s  e r u p t e d  numerous t imes  i n  r e c o r d e d  h i s t o r y  and remains  a c t i v e ,  wi th  
s e v e r a l  e r u p t i o n s  o c c u r r i n g  d u r i n g  t h e  p a s t  decade .  P o r t i o n s  of t h e  i s l a n d  not 
covered  by r e c e n t  v o l c a n i c  f lows show s i g n s  of i n t e n s e  g l a c i a t i o n :  s e r r a t e d  
r i d g e s ,  c i r q u e s ,  hanging v a l l e y s ,  and broad U-shaped v a l l e y s .  The e a s t  end of 
t h e  i s l a n d  i s  s p l i t  by Akutan Harbor ,  a  d e e p  8-km-long f j o r d .  The lower e leva-  
t i o n s  of t h e  i s l a n d  a r e  covered b y  a t h i n  m a n t l e  of s o i l  and r e c e n t  v o l c a n i c  
a sh  commonly b l a n k e t e d  by l u s h  and v e r d a n t  t u n d r a  v e g e t a t i o n .  

Akutan v i l l a g e ,  t h e  o n l y  h a b i t a t i o n  on t h e  i s l a n d ,  i s  l o c a t e d  on t h e  e a s t  
c o a s t  of  t h e  i s l a n d  a t  t h e  base  of a  s t e e p  460 t o  520 m r i d g e  t h a t  b o r d e r s  t h e  
n o r t h  s h o r e  of  Akutan Harbor .  The v i l l a g e  was e s t a b l i s h e d  i n  1879 a s  a  f u r  
s t o r a g e  and t r a d i n g  p o s t ;  i n  1912 a  wha le -p rocess ing  s t a t i o n  was b u i l t  a c r o s s  
t h e  bay from Akutan and o p e r a t e d  u n t i l  1939  organ, 1 9 8 0 ) .  The p r e s e n t  
p o p u l a t i o n  of  abou t  120 i n h a b i t a n t s  depends  on s u b s i s t e n c e ,  commercial f i s h i n g ,  
and f i s h  p r o c e s s i n g  f o r  t h e i r  economy. S e v e r a l  f l o a t i n g  f i s h  p r o c e s s o r s  now 
o p e r a t e  i n  t h e  p r o t e c t e d  w a t e r s  of  Akutan Harbor ,  which b r i n g  i n  a  s e a s o n a l  
i n f l u x  of 200-700 n o n r e s i d e n t  workers .  

B o a t s  and amphibious a i r c r a f t  a r e  t h e  o n l y  means of  t r a n s p o r t a t i o n  i n t o  
Akutan,  which h a s  no a i r s t r i p .  Reeve A l e u t i a n  Airways m a i n t a i n s  schedu led  com- 
m e r c i a l  a i r  s e r v i c e  from Cold Bay and Dutch Harbor t o  Akutan by f l o a t  p l a n e .  
C h a r t e r  A i r  S e r v i c e s  a r e  a l s o  a v a i l a b l e  from bo th  v i l l a g e s .  

Geology 

Reconna i s sance  g e o l o g i c  mapping of  t h e  i s l a n d  was under taken  by F.  Byers 
and T. Bar th  i n  1948.  Copies  of  ~ ~ e r s '  f i e l d  n o t e s  and f i e l d  [nap were made 
a v a i l a b l e  t o  DGGS c o u r t e s y  of Beyers and t h e  U.S. G e o l o g i c a l  Survey A r c h i e v e s .  
A b r i e f  d e s c r i p t i o n  of  t h e  i s l a n d ' s  v o l c a n i c  geology is  a l s o  c o n t a i n e d  i n  Byers 
and B a r t h  ( 1 9 5 3 ) .  A g e n e r a l i z e d  g e o l o g i c  map based on t h e i r  work a p p e a r s  i n  
f i g u r e  25. 

Akutan I s l a n d  c o n s i s t s  of an o l d e r  sequence of v o l c a n i c s  d e e p l y  eroded by 
g l a c i a t i o n  and a  younger v o l c a n i c  p i l e  a t  t h e  w e s t e r n  end .  The o l d e r  v o l c a n i c  
complex c o n s i s t s  of  a  lower member of ma in ly  p y r o c l a s t i c  d e p o s i t s  ( c h i e f l y  
v o l c a n i c  and t u f f  b r e c c i a s ,  w i t h  i n t e r c a l a t e d  b a s a l t i c  a n d e s i t i c  f lows and 
s i l l s )  o v e r l a i n  by a  s e r i e s  of sha l low-d ipp ing  b a s a l t i c  and a n d e s i t i c  f lows 
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O l d e r  V o l c a n i c  C o m p l e x e s  
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F i g u r e  2 5 .  G e n e r a l i z e d  geology of  A k u t a n  I s l a n d .  



w i t h  some i n t e r b e d d e d  p y r o c l a s t  i c  d e p o s i t s .  T h i s  sequence ,  which i s  exten-  
s i v e l y  exposed o v e r  much of  t h e  i s l a n d  and i n  p l a c e s  exceeds  700 m t h i c k ,  h a s  
been i n t r u d e d  by numerous v o l c a n i c  n e c k s ,  p l u g s ,  and d i k e s .  A s e r i e s  of r ing-  
d i k e  i n t r u s i o n s  exposed on t h e  n o r t h e r n  p a r t  of t h e  i s l a n d  s u g g e s t  t h e  
e x i s t e n c e  of  an a n c e s t r a l  c o l l a p s e  c a l d e r a  near  t h e  p r e s e n t  s i t e  of Akutan 
v o l c a n o .  

Recent v o l c a n i c  a c t i v i t y  has  c o n c e n t r a t e d  a t  Akutan vo lcano  w i t h  f r e s h  
l a v a  f l o w s ,  l a h a r s ,  and p y r o c l a s t i c  d e b r i s  m a n t l i n g  the  g l a c i a l l y  eroded s u r -  
f a c e  o f  t h e  o l d e r  v o l c a n i c  complex. The v o l c a n o  is capped by a  smal l  2-km-dia 
c o l l a p s e  c a l d e r a  though t  t o  have  formed a s  r e c e n t l y  a s  500 y e a r s  ago 
( ~ y e r s  and B a r t h ,  1953) . Recent  p r e h i s t o r i c  e r u p t i v e  a c t i v i t y  a l s o  occur red  

2  n o r t h w e s t  o f  Akutan v o l c a n o  a t  Lava P o i n t ,  where o v e r  5 km o f  rough ,  jagged 
a a  l a v a  e x t e n d s  seaward from a  v o l c a n i c  cone a t  t h e  sou th  edge of t h e  f low.  
The f l o w  i s  over  20 m t h i c k  and composed o f  a  v e s i c u l a r  p o r p h y r i t i c  o l i v i n e  
c l i n o p y r o x e n e  b a s a l t ,  w i t h  t r a c h y t  i c  t e x t u r e  i n  t h e  groundmass.  

Akutan vo lcano  i s  one of  t h e  most a c t i v e  v o l c a n o e s  i n  t h e  A l e u t i a n  c h a i n ,  
h a v i n g  e r u p t e d  more t h a n  25 t imes  s i n c e  1700 ( ~ ~ e r s  and B a r t h ,  1953; C o a t s ,  
1950 ;  Sean ,  1 9 8 0 ) .  The most r e c e n t  e r u p t i o n s  i n c l u d e  a  l a v a  f low t h a t  breached 
t h e  n o r t h e r n  c a l d e r a  r i m  i n  F e b r u a r y  1974,  a  s e r i e s  of i n c a n d e s c e n t  ash  erup- 
t i o n s  i n  1976 and 1977,  a  l a v a  e r u p t i o n  i n  sep tember  1978 i n  which f lows 
t r a v e l e d  2 t o  3 km down t h e  n o r t h  f l a n k  of  t h e  v o l c a n o ,  and a  b r i e f  ash erup-  
t i o n  i n  l a t e  J u l y  1980.  The 1978 f l o w  was examined by t h e  DGGS i n  August 1980 
and found t o  be s t i l l  warm and d e g a s s i n g .  One of t h e  l a v a  f lows e n t e r e d  a  
l a r g e  s t r e a m  c h a n n e l .  The f l o w  r a t e  of w a t e r  d r a i n i n g  'from' b e n e a t h  t h e  d i s t a l  
end o f  t h i s  l a v a  f low was e s t i m a t e d  a t  s e v e r a l  thousand l i t e r s  ? e r  second and 
measured 2 2 " ~ .  

The 1978 l a v a  f lows were found t o  be composed of  a  s l i g h t l y  v e s i c u l a r ,  
p o r p h y r i t i c ,  o l i v i n e - b e a r i n g ,  two-pyroxene b a s a l t .  P h e n o c r y s t s  c o n s i s t e d  o f  20 
p e r c e n t  e u h e d r a l  p l a g i o c l a s e  l a t h s ,  0 .4 -2 .4  mm l o n g ,  5  p e r c e n t  s u b h e d r a l  
c l i n o p y r o x e n e ,  0 .2 -1 .0  mm i n  s i z e ,  2  p e r c e n t  e u h e d r a l  h y p e r s t h e n e  up t o  0 . 5  m,  
and l e s s  t h a n  1  p e r c e n t  u n a l t e r e d  s u b h e d r a l  o l i v i n e ,  0 . 2  mm i n  s i z e .  The b l a c k  
groundmass c o n s i s t e d  m a i n l y  of  g l a s s  wi th  some s c a t t e r e d  c r y s t a l s  of p l a g i o -  
c l a s e ,  c l  i n o p y r o x e n e ,  and m a g n e t i t e .  

B y e r s  and B a r t h  (1953)  r e p o r t e d  t h e  e x i s t e n c e  o f  an a c i d  l a k e ,  fumaro l i c  
a c t i v i t y ,  and f r e s h  l a v a  f lows  w i t h i n  t h e  Akutan c a l d e r a .  Recent e r u p t i v e  
a c t i v i t y ,  however,  has  p r o b a b l y  o b l i t e r a t e d  much of what was p r e s e n t  i n  1948.  

I n  a d d i t i o n  t o  t h e  a c t i v e  c a l d e r a  and f r e s h  l a v a  f lows of Akutan v o l c a n o ,  
o t h e r  geo the rmal  a c t i v i t y  tha ' t  o c c u r s  on t h e  i s l a n d  i n c l u d e s  an e x t e n s i v e  
s e r i e s  o f  h o t  s p r i n g s  l o c a t e d  i n  a  v a l l e y  a t  t h e  head of Hot S p r i n g s  Cove. 



AKUTAN HOT SPRINGS 

Locat  i o n  

L a t i t u d e  54O09' N . ,  l o n g i t u d e  165O55' W .  
Unimak 1:250,000 Quadrangle (1951) ,  T. 69 S . ,  R .  112 W .  

Genera l  d e s c r i p t i o n  

Akutan h o t  s p r i n g s  are l o c a t e d  i n  t h e  e a s t e r n  v a l l e y *  a t  t h e  head 
o f  Hot S p r i n g s  Bay on t h e  n o r t h e r n  s i d e  o f  Akutan I s l a n d  ( f i g s .  25 and 
2 6 ) .  Numerous h o t  s p r i n g s  l i e  a l o n g  t h e  w e s t e r n  margin o f  t h e  v a l l e y  
bot tom i n  a 1.5-km l i n e a r  zone e x t e n d i n g  southward from t h e  i n t e r t i d a l  
a r e a  on Hot S p r i n g s  Bay. The v a l l e y  i s  g l a c i a l ,  1 km wide,  and f l a n k e d  
by s t e e p  p a r a l l e l  r i d g e s  r i s i n g  up t o  460 m h i g h .  The v a l l e y  t r e n d s  
S .  55O W .  f o r  4 . 5  km from Hot S p r i n g s  Bay b e f o r e  t a k i n g  a  s h a r p  dog leg  
t o  t h e  wes t  and t e r m i n a t i n g  on s t e e p  s e r r a t e d  r i d g e s  e x t e n d i n g  f r o m .  
Akutan vo lcano .  

The r e l a t i v e l y  f l a t - b o t t o m e d  marshy f l o o r  of t h e  v a l l e y  i s  d r a i n e d  
by two s t r e a m s ,  one on e i t h e r  s i d e  o f  t h e  v a l l e y .  The e a s t e r n  f o r k  j o i n s  
t h e  w e s t e r n  b r a n c h ,  which i s  t h e  l a r g e r  c h a n n e l ,  a b o u t  1 km from t h e  
beach t o  form a  s i n g l e  f l o w  t o  t h e  bay i n  t h e  n o r t h w e s t  c o r n e r  of t h e  
v a l l e y .  V e g e t a t i o n  on t h e  v a l l e y  f l o o r  c o n s i s t s  o f  m o i s t  t u n d r a  and t a l l  
meadow g r a s s e s . '  

The Akutan h o t  s p r i n g s  a r e  l o c a t e d  a b o u t  4  km n o r t h w e s t  o f  Akutan 
Harbor and 1 0  km n o r t h e a s t  o f  t h e  a c t i v e  Akutan vo lcano .  Although , t h e  
s p r i n g s  are r e l a t i v e l y  c l o s e  t o  t h e  v o l c a n o ,  a n  i n t e r v e n i n g  v a l l e y  and 
r i d g e  forms a b a r r i e r  t o  l a v a  f lows  o r  d e b r i s  f lows  a s s o c i a t e d  w i t h  
e r u p t i o n s .  The s p r i n g s  a r e  e a s i l y  a c c e s s i b l e  from t h e  v i l l a g e  of Akutan 
v i a  a 6-km-long - t r a i l  f rom t h e  head o f , A k u t a n  Harbor o v e r  a 150-m p a s s  and 
down a  s t e e p  s l o p e .  The s p r i n g s  c a n  a l s o  be reached  by b o a t ,  b u t  c a u t i o n  
shou ld  be e x e r c i s e d .  

The s p r i n g s  were w e l l  known t o  e a r l y  A l e u t s  and t o  w h i t e  f u r  t r a d e r s  
and a r e  r e p o r t e d  i n  Waring (1917).  P r e v i o u s  i n v e s t i g a t i o n s  of t h e  s p r i n g s  
i n c l u d e  Byers  and Bar rh  (1953) and Baker and o t h e r s  (1977) .  Land sur round-  
i n g  t h e  s p r i n g s  s i t e  was s e l e c t e d  by Akutan V i l l a g e  C o r p o r a t i o n  under  t e rms  
o f  ANCSA. 

Geology 

The g l a c i a l  v a l l e y  c o n t a i n i n g  t h e  h o t  s p r i n g s  h a s  been ca rved  from a  
mass ive  v o l c a n i c  b r e c c i a  t h a t  i n  p l a c e s  exceeds  400 m i n  t h i c k n e s s .  Rock 
exposures  on v a l l e y  w a l l s  and r i d g e  t o p s  e x t e n d i n g  up v a l l e y  from t h e  s p r i n g s  

*The l o c a t i o n  of t h e  h o t  s p r i n g s  on U.S. Coast  and Geode t ic  Survey maps h a s  
been m i s t a k e n l y  p l a c e d  i n  t h e  a d j a c e n t  w e s t e r n  v a l l e y .  



s i t e  c o n s i s t  o f  a t h i c k  sequence  o f  m o s t l y  a u t o b r e c c i a t e d  lava f l o w s  and 
some t u f f  b r e c c i a s ,  w i t h  i n t e r c a l a t e d  l e n s e s  and s m a l l  s i l l s  o f  c o g n a t e  l a v a .  
The f l o w  and t u f f  b r e c c i a s  t end  t o  g r a d e  i n t o  one a n o t h e r  w i t h o u t  c l e a r - c u t  
b o u n d a r i e s .  Some e x p o s u r e s  o f  t h e  t u f f  b r e c c i a s  a r e  p a l a g o n i t i c .  The v o l -  
c a n i c ~  composing t h e  b r e c c i a s  c o n s i s t  o f  p o r p h y r i t i c  a n d e s i t i c  b a s a l t s  con- 
t a i n i n g  30 p e r c e n t  s u b h e d r a l  p h e n o c r y s t s  o f  p l a g i o c l a s e ,  0 . 4  t o  3  mm l o n g ,  
and 4 p e r c e n t  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  o f  a u g i t e ,  4 mm i n  s i z e ,  i n  
a  da rk-gray  a p h a n i t i c  groundmass composed c h i e f l y  of p l a g i o c l a s e .  

Outc rops  o c c u r r i n g  downval ley a t  t h e  Hot S p r i n g s  Bay c o a s t l i n e s  a r e  
l a h a r l i k e  w i t h  l a r g e  1- t o  2-m-dia a n g u l a r  b l o c k s  of a n d e s i t i c  b a s a l t s  
c o n t a i n e d  i n  a p o o r l y  s o r t e d  m a t r i x  o f  a s h ( ? ) ,  s c o r i a ,  and pebble-  and 
c o b b l e - s i z e  v o l c a n i c - r o c k  f r a g m e n t s .  The l a h a r  u n i t  i s  i n t r u d e d  by numerous 
v e r t i c a l  d i k e s ,  some of  which a r e  up t o  5 m wide ,  w i t h  most hav ing  a  g e n e r a l  
E-W t r e n d .  The d i k e s  a r e  t r a c h y t i c  b a s a l t s  c o n s i s t i n g  of a  d a r k  g l a s s y  
m a t r i x  c o n t a i n i n g  from 1 0  t o  30 p e r c e n t  p h e n o c r y s t s  o f  l a b r a d o r i t i c  p l a g i o -  
c l a s e .  

The v a l l e y  i t s e l f  i s  f l o o r e d  w i t h  a n  unknown t h i c k n e s s  o f  a l l u v i a l  
s e d i m e n t s  mant led  by s o i l .  There  a r e  two p a r a l l e l  dunes  n e a r  t h e  mouth o f  
t h e  v a l l e y ,  t h e  o l d e r  of which i s  a b o u t  12 m h i g h  and l i e s  a b o u t  1 km from 
t h e  c o a s t  beh ind  a n  abandoned lagoon .  The second dune i s  a b o u t  7 m h i g h  and 
b o r d e r s  t h e  p r e s e n t  s h o r e l i n e .  
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F i g u r e  2 7 .  Locations of s p r i n g s  at Hot S p r i n g s  Bay on Akutan I s l a n d .  
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F i g u r e  28. Detail  a t  s i t e  A ,  Akutan ho t  s p r i n g s .  
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S p r i n g  C h a r a c t e r i s t i c s  

The h o t  s p r i n g s  occur  a long  and a t  t h e  base  of t h e  west v a l l e y  w a l l  i n  
a  3  km long zone t h a t  e x t e n d s  southwest  from Hot S p r i n g s  Bay ( f i g .  2 7 ) .  
The the rmal  w a t e r s  i s s u e  from f i s s u r e s  i n  hydro the rmal  l y  cemented s t r e a m  
bank s e d i m e n t s ,  from p o o l s  i n  v a l l e y  a l l u v i u m ,  and through beach sands  i n  , 

t h e  i n t e r t i d a l  zone n e a r  t h e  mouth of t h e  Hot S p r i n g s  Creek.  S p r i n g  
l o c a t  i o n s ,  t e m p e r a t u r e s ,  and a d d i t i o n a l  c h a r a c t e r i s t i c s  a r e  provided i n  
f i g u r e s  28 th rough  31.  The s p r i n g s  have been grouped a c c o r d i n g  t o  t h e i r  
geograph ic  l o c a t  i o n .  T a b l e  23 g i v e s  t h e  chemical  and p h y s i c a l  p r o p e r t i e s  
o f  the rmal  w a t e r s  o b t a i n e d  from s p r i n g s  A3 and D 2 .  S i l i c a  and c h l o r i d e  
a n a l y s e s  of  s t r e a ,  w a t e r s  above and below s i t e  A and of a  c o l d  s p r i n g  n e a r  
s i t e  A a r e  g i v e n  i n  t a b l e  2 4 .  

S l i g h t  H 2 S  O d o r  

p H - 6 . 4 7  
S C = 1 3 0 0  

D e p t h = S O  ern. 

P o o l . ,  

0  2 6  6 0  7 6  l O O f t  
I I 

B 1 
I I I 

A l l  T e m p e r a t u r e s  i n  OC 
A l l  C o n d u c t i v i t i e n  i n  p m h o e / c m  

- - - - - -p 

F i g u r e  2 9 .  D e t a i l  a t  Akutan s p r i n g  s i t e  B .  



S i t e  A is l o c a t e d  on t h e  west f o r k  of t h e  main channe l  of Hot S p r i n g s  
Creek and c o n t a i n s  t h e  southernmost  and h o t t e s t  s p r i n g s  i n  t h e  v a l l e y .  The 
the rmal  w a t e r s  i s s u e  from numerous smal l  f i s s , u r e s  i n  h y d r o t h e r m a l l y  cemented 
a l l u v i a l  sed iments  and from t h e  bottom of poo ls  i n t o  t h r e e  s m a l l ,  ' e l o n g a t e  
s h a l l o w  b a s i n s  ( f i g .  2 8 ) .  Spr ing-vent  t e m p e r a t u r e s  i n  b a s i n s  A 1  and A3, both  
l o c a t e d  n e a r  t h e  west  bank of t h e  c o l d - s t r e a m  c h a n n e l ,  ranged from 40" t o  
7 8 . 5 " ~  and 30" t o  8 4 . 5 " ~ ,  r e s p e c t i v e l y .  S i n t e r  d e p o s i t s  l i n e  t h e  o u t f l o w  
c h a n n e l s  from t h e s e  b a s i n s  and appear  t o  be cementing t h e  s u r f a c e  sed iments .  
Bas in  A2, l o c a t e d  on t h e  e a s t  bank, c o n t a i n s  a  warm-water ( 1 7 "  t o  3 9 " ~ )  pool 
f l o o r e d  w i t h  muck and a l g a e .  

Thermal w a t e r s  f rom a l l  t h r e e  b a s i n s  f l o w  d i r e c t l y  i n t o  t h e  wes t  ' 

f o r k  c h a n n e l .  Thermal w a t e r s  from Al, A2, and  A3 flowed a t  40,  51 ,  
118  lpm, r e s p e c t i v e l y .  The s t r e a m  bed o f  t h e  w e s t  f o r k  above t h e  o u t f l o w  
b a s i n  A l  measured 75.0° t o  8 3 . 2 O C - j u s t  a  few cm below t h e  ground s u r f a c e ,  
which i n d i c a t e s  t h e r m a l  w a t e r s  a r e  d i s c h a r g i n g  d i r e c t l y  i n t o  t h e  
c o l d  s t r e a m  c h a n n e l .  The s i l i c a  and c h l o r i d e  c o n t e n t  o f  s t r e a m  w a t e r s  
above and  below s i t e  A and i n  t h e  sampled t h e r m a l  waters p r o v i d e  a means 
o f  e s t i m a t i n g  t h e  c o l d -  and ho t -wate r  mixing f r a c t i o n s  i n  t h e  s t r e a m  
from t h e  e q u a t i o n :  Cm = (1-X)Ch + XCc where X i s  t h e  co ld -wate r  f r a c t i o n  
and C i s  t h e  c o n c e n t r a t i o n  of e i t h e r  s i l i c a  o r  c h l o r i d e  i n  t h e  mixed (m), 
h o t  ( h ) ,  and  c o l d  (c)  f r a c t i o n s .  The v a l u e s  f rom t a b l e  24 g i v e  a  c o l d -  
w a t e r  mix ing  f r a c t i o n  of 0.922 f o r  C 1  and 0 .928 f o r  S i02 .  T o t a l  w a t e r  
f l o w  i n  t h e  w e s t  f o r k  c h a n n e l  below s i t e  A measured 4 , 2 8 0  lpm + 5  p e r c e n t .  
The a v e r a g e  of t h e  Si02- and C1-determined mix ing  f r a c t i o n s  g i v e s  a n  
e s t i m a t e d  t o t a l  ho t -wate r  d i s c h a r g e  from s i t e  A  of 320 lpm. Stream tem- 
p e r a t u r e s  above  and  below s i t e  A measured 9.8' and 1 5 . 4 O ~ ,  r e s p e c t i v e l y .  
S u b s t i t u t i n g  t h e s e  v a l u e s  i n t o  t h e  e q u a t i o n  Tm = (1,-X)Th f XTc g i v e s  a n  
e s t i m a t e d  t e m p e r a t u r e  a t  84.5% f o r  t h e  ho t -wate r  f r a c t i o n ,  a  t e m p e r a t u r e  
c o n s i s t e n t  w i t h  t h e  h o t t e s t  s p r i n g  v e n t  t e m p e r a t u r e  measured a t  t h e  s i t e .  
The h e a t  f l u x  l o s s  r e p r e s e n t e d  by t h i s  ho t -wate r  d i s c h a r g e  r e l a t i v e  t o  
t h e  stream t e m p e r a t u r e  of 9.80C i s  a b o u t  1 . 6  MW. 

S i r e  B c o n s i s t s  of f o u r  s h a l l o w ,  warm p o o l s  l o c a t e d  a b o u t  300 m 
down-stream from s i t e  A i n  a  marshy a r e a  n e a r  t h e  j u n c t i o n  o f  t h e  w e s t  
f o r k  and  t h e  main c h a n n e l  o f  Hot S p r i n g s  Creek ( f i g .  2 9 ) .  170 obv ious  
v e n t s  were  p e r c e i v e d  i n  a n y  o f  t h e  p o o l s  and t h e  the rmal  w a t e r s  a p p e a r  
t o  b e  s e e p i n g  d i r e c t l y  t h r o u g h  v a l l e y  a l l u v i u m .  The warmest t e m p e r a t u r e s ,  
38.5O t o  49.8OC, o c c u r  i n  B 1 ,  a  20-m-long p o o l  t h a t  d r a i n s  i n t o  Hot 
S p r i n g s  Creek .  Tempera tu res  a t  t h e  o t h e r  p o o l s  ranged from 20°c a t  B4 
t o  47.8O a t  B2. No f l o w  measurements were  made a t  t h e  s i t e ,  b u t  t h e  
d i s c h a r g e  f rom t h e  p o o l s  a p p e a r s  t o  b e  c o n s i d e r a b l e .  

S i t e  C i s  l o c a t e d  a b o u t  1 krn f a r t h e r  downstream from B and c o n s i s t s  
o f  numefous s e e p s  and small s p r i n g s  i s s u i n g  f rom a s e r i e s  o f  f i s s u r e s  
i n  h y d r o t h e r m a l l y  cemented s e d i m e n t s  i n  t h e  w e s t  bank o f  Hot S p r i n g s  
Creek ( f i g .  30) . Vent t e m p e r a t u r e s  ranged from 40' t o  74.a0C. Anamolously 
warm t e m p e r a t u r e s  measured a few cm below t h e  s u r f a c e  of a  g r a v e l  b a r  i n  t h e  
c r e e k  i n d i c a t e  t h a t  t h e r m a l  w a t e r s  a r e  d i s c h a r g i n g  d i r e c t l y  i n t o  t h e  c o l d  
s t r e a m  c h a n n e l .  No t h e r m a l  a n o m a l i e s  were d e t e c t e d  on t h e  o p p o s i t e  
bank o f  t h e  c r e e k .  



F i g u r e  3 0 a .  R e l a t i o n s  o f  s p r i n g s  C and D .  30b.  D e t a i l  a t  Akutan s i t e  C .  
3 0 c .  D e t a i l  a t  Akutan s p r i n g  s i t e  D .  
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F i g u r e  3 1 .  D e t a i l  a t  Akutan  s p r i n g  s i t e  E .  



Table 23. Chemical composition and physical properties of 
Akutan hot springs A2 and D2 

(all chemical analyses in mg/l). 

Si02 
Al 
Fe 
Ca 
Ffg 
Na 
K 
L i 
HC03 

so4 
C 1 
F 
B r 
I 
B 

H2S 
S r 
pH, field 
Dissolved solids 
Hardness (mg/l CaC03) 
Sp conductance (pmhos/cm at 25'~) 
T (OC) 
Flow rate (lpm) 
Date. sampled 

DGGS 
spring A2 

DGGS 
spring D2 

nd = Not determined. 



T a b l e  23.  Chemical  c o m p o s i t i o n  and p h y s i c a l  p r n ~ e r t i e s  of  
Akutan h o t  s p r i n g s  A 2  and D 2  

( a l l  c h e m i c a l  a n a l y s e s  i n  m g / l ) .  

pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (mg/ l  CaC03) 
Sp c o n d u c t a n c e  (.pmhos/cm a t  2 5 ' ~ )  
T (OC) 
Flow r a t e  (lpm) 
D a t e  sampled 

nd = Not d e t e r m i n e d .  

DGGS 
s p r i n g  A2 

DGGS 
s p r i n g  D2 



S i t e  D c o n s i s t s  o f  t w o . p r i m a r y  h o t - s p r i n g  b a s i n s .  The a s s o c i a t e d  
o u t f l o w  c h a n n e l s  a l s o  c o n t a i n  numerous f i s s u r e s  i n  cemented a l l u v i u m  
th rough  which t h e  t h e r m a l  w a t e r s  i s s u e .  The s i t e  i s  l o c a t e d  a s h o r t  
d i s t a n c e  downstream from s i t e  C on t h e  wes t  bank of Hot S p r i n g s  Creek 
a t  t h e  b a s e  and  u p v a l l e y  s i d e  of a n  o l d  beach  dune ,  1 km i n l a n d  
f rom t h e  c o a s t .  Vent t e m p e r a t u r e s  a t  t h e  s i t e  v a r i e d  considerably---  
f rom 26.3O t o  54.0°C. No f l o w  measurements were  made; t h e  combined 
d i s c h a r g e  from t h e  b a s i n s  p r o b a b l y  d o e s  n o t  exceed 50 lpm. High tempera- 
t u r e s  measured i n  t h e  s t r e a m  bed and g r a v e l  b a r  a t  t h e  bend of  Hot S p r i n g s  
Creek i n d i c a t e s  t h a t  t h e r m a l  w a t e r s  f l o w  i n t o  t h e  r i v e r  h e r e  a l s o .  

The n o s t  c o r t h e r l y  s i t e ,  E ,  o c c u r s  on t h e  s h o r e s  of Hot S p r i n g s  Say 
i n  t h e  i n t e r t i d a l  zone e a s t  of t h e  mouth o f  Hot S p r i n g s  Creek ( f i g .  3 1 ) .  
Tempera tu res  h i g h e r  t h a n  t h o s e  o f  l o c a l  s u r f a c e  w a t e r s  were found a t  
.10 cm d e p t h  o v e r  a n  a r e a  o f  a b o u t  2 ,500 rn2 o f  i n t e r t i d a l  beach .  The 
h i g h e s t  measured t e m p e r a t u r e s  ( 6 2 . 5 ' ~ )  o c c u r  a d j a c e n t  t o  t h e  o u t f l o w  
c h a n n e l  of Hot S p r i n g s  Creek.  Thermal u a t e r s  emerging from t h e  beach 
sand have a  h i g h  s p e c i f i c  c o n d u c t i v i t y ,  r e f l e c t i n g  mixing w i t h  t i d a l  
w a t e r s .  

Al though f l o w  measurements a r e  a v a i l a b l e  o n l y  f o r  s i t e  A ,  t h e  
combined d i s c h a r g e  f rom a l l  t h e  s p r i n g s ,  i n c l u d i n g  t h e r m a l  w a t e r s  t h a t  
i s s u e  d i r e c t l y  i n t o  Hot S p r i n g s  Creek ,  i s  c o n s e r v a t i v e l y  e s t i m a t e d  a t  
g r e a t e r  t h a n  600 lpm. 

The t h e r m a l  w a t e r s  f rom s p r i n g  A 3  and D2 a r e  m o d e r a t e l y  c o n c e n t r a t e d  
sodium c h l o r i d e  w a t e r s  w i t h  a  r e l a t i v e l y  h i g h  1 e v e l . o f  b i c a r b o n a t e .  The 
more d i l u t e  w a t e r s  o f  s p r i n g  D2 may b e  t h e  r e s u l t  o f  mixing w i t h  c o l d e r  
s u r f a c e  w a t e r s ,  which may a l s o  a c c o u n t  f o r  t h e  magnesium p r e s e n t  i n  t h e  
w a t e r s .  The s i m i l a r i t y  i n  t h e  r a t i o s  of t h e  c o n s e r v a t i v e  e l e m e n t s  boron 
t o  c h l o r i d e  i n  t h e  two w a t e r s  s u g g e s t s  t h e  s p r i n g s  a r e  d e r i v e d  from a  
common p a r e n t  t h e r m a l  r e s e r v o i r .  

R e s e r v o i r  p r o p e r t i e s  

T a b l e  25 summarizes t h e  a p p l i c a t i o n  o f  s i l i c a  and c a t i o n  geothermo- 
n e t r y  a p p l i e d  t o  Akutan h o t  s p r i n g  w a t e r s .  I n  a d d i t i o n ,  a n  a n a l y s i s  o f  
t h e  oxygen- i so tope  c o m p o s i t i o n s  o f  d i s s o l v e d  s u l f a t e  and w a t e r  from h o t -  
s p r i n g  A3 was o b t a i n e d  t h r o u g h  t h e  c o o p e r a t i o n  o f  N .  Nehr ing (USGS, 
l lenlo  P a r k ,  C a l i f . ) .  The r e s u l t s  of t h e  a n a l y s i s  and t h e  a p p l i c a t i o n  
o f  t h e  s u l f a t e  oxygen i s o t o p e  geothermometer  i s  g i v e n  i n  t a b l e  25.  No 
b o i l i n g  o c c u r s  a t  t h e  s u r f a c e  and  t h e r e f o r e  TI = 1 8 6 O ~ ,  t h e  c o n d u c t i v e  
c o o l i n g  t e m p e r a t u r e ,  i s  chosen  as  t h e  s u l f a t e  geothermometer a p p l i c a b l e  
t o  t h e  s u b s u r f a c e  r e s e r v o i r  (McKenzie and T r u e s d a l l ,  1 9 7 7 ) .  T h i s  tempera- 
t u r e  i s  i n  good agreement  w i t h  t h e  Na-K t e m p e r a t u r e s  f o r  b o t h  s p r i n g s  
and w i t h  t h e  Na-K-Ca ' 1 1 3 '  t e m p e r a t u r e  f o r  s p r i n g  A3. For w a t e r s  e q u i l i -  
b r a t i n g  above 150°c,  t h e  Na-K geothermometer  i s  c o n s i d e r e d  a  more a c c u r a t e  
geothermometer  t h a n  t h e  Na-K-Ca (113) ( F o u r n i e r ,  p e r s .  c o r n . ) .  The 
lower  Na-K-Ca 113 t e m p e r a t u r e  f o r  s p r i n g  D 2  nay have been p a r t l y  caused 
by d i l u t i o n  o f  a s c e n d i n g  t n e r m a i  w a t e r s  w i t h  s u r f a c e  w a t e r s .  Mixing 



may also account for the comparatively low silica temperatures, although 
this may have also resulted from reequilibration of silica either on 
ascent from the deep reservoir or during residence in a shallow reservoir. 

The rate of equilibration in oxygen-isotope exchange between dis- 
solved sulfate and water is substantially slower than that for the chemical 
geothermometers (Si02, N ~ / K ,  Na-K-Ca) (McKenzie and Truesdell, 1977). 
Thus, unless the cold waters infiltrating into the deep reservoir have 
a relatively short residence time within the reservoir (<la yr) the 
sulfate oxygen-isotope geothermometer is probably the most representative 
temperature of the deep reservoir. If so, spring-A3 Na-K and quartz 
conductive temperatures are the maximum and minimum, respectively: 

Min - iiax - Most likely - Mean 

Subsurface T (OC) 15 9 195 18 6 18 0 

Table 25. Akutan Hot Springs geothermometry 
(all temperatures in OC). 

Spring A3 Spring D2 

Surface temperature 84.5 58.8 

Cation geothermometers 

Silica geothermometers 

Adiabatic 
Conductive 
Chalcedony 
Cristobalite 
Opal 

Sulfate-water oxygen isotope geothermometera 

aN. Nehring, USGS, Menlo Park, Calif., analyst. 
Temperature estimates are based on three different end- 
member cases of water cooling discussed on page 26. 



The d i f f e r e n c e  i n  c h l o r i d e  and s i l i c a  c o n t e n t s  o f  s p r i n g s  A3 and D 2 ,  
t h e  s i m i l a r i t y  i n  t h e i r  B : C 1  r a t i o s ,  and t h e  l a r g e  combined f l o w  o f  t h e  
s p r i n g s  i n d i c a t e  t h a t  t h e  deep  t h e r m a l  w a t e r s  may b e  d i l u t i n g  i n  a  
s h a l l o w  s u b s u r f a c e  a q u i f e r .  I f  s o ,  a l l  t h r e e  geothermometers  would t e n d  
t o  u n d e r e s t i m a t e  t h e  d e e p - r e s e r v o i r  t e m p e r a t u r e  e s t i m a t e s .  Fo l lowing  
t h e  method o f  T r u e s d e l l  and  F o u r n i e r  ( 1 9 7 7 ) ,  a p p l i c a t i o n  o f  t h e  q u a r t z  
mix ing  model s u g g e s t s  d e e p - r e s e r v o i r  t e m p e r a t u r e s  a s  h i g h  as 235OC. 

Comments 

No g e o p h y s i c a l  e x p l o r a t i o n  o r  e x p l o r a t o r y  d r i l l i n g  has  y e t  been 
done n e a r  t h e  Akutan hot  s p r i n g s .  Th ickness  of  t h e  a l l u v i a l  f i l l  i n  t h e  
v a l l e y  is  unknown bu t  i s  p robab ly  on t h e  o r d e r  of 100 m.  Bedrock under- 
l y i n g  t h e  v a l l e y  may be an e x t e n s i o n  of t h e  v o l c a n i c  b r e c c i a  sequence exposed 
a l o n g  t h e  v a l l e y  w a l l s .  I f  capped by hydrothermal  c e m e n t a t i o n ,  such a  

The e s t i m a t e d  d e e p - r e s e r v o i r  t e m p e r a t u r e  of 1 8 0 " ~  i s  s u f f i c i e n t  f o r  a  
v a r i e t y  of a p p l i c a t i o n s ,  i n c l u d i n g  t h e  g e n e r a t i o n  of a  modest amount of 
e l e c t r i c a l  power, e  .g., a  1-MW- wel l -head-dr iven Rankine b i n a r y  sys tem.  The 
n e a r n e s s  of  t h i s  ho t -wa te r  sys tem t o  a  w e l l - p r o t e c t e d  deep-water h a r b o r  wi th  a 
p o p u l a t i o n  c e n t e r  and p o t e n t i a l  i n d u s t r i a l  u s e r s  ( e  . g . ,  f i s h i n g  p r o c e s s o r s )  
make t h e  Akutan h o t  s p r i n g  s i t e  a  p a r t i c u l a r l y  a t t r a c t i v e  one f o r  f u t u r e  
deve lopment .  The r i d g e  t h a t  l i e s  between the  s i t e  and Akutan vo lcano  shou ld  
h e l p  p r o v i d e  a  p r o t e c t i v e  b a r r i e r  from e r u p t i o n s  from t h e  a c t i v e  v o l c a n o .  



AKUN STRAIT HOT SPRINGS 

Locat  i o n  

L a t i t u d e :  54O%.4'N., l o n g i t u d e :  1 6 5 O 3 8 . 4 ' ~ . ;  
Unimak 1:250,000 (1951) ;  T .  70 S . ,  R 111 W .  

Genera l  d e s c r i p t i o n  

Akun S t r a i t  h o t  s p r i n g s  a r e  l o c a t e d  on t h e  e a s t  s h o r e  o f  a s m a l l  
0.5-km-long unnamed i s l e t  a d j a c e n t  t o  t h e  s o u t h w e s t  c o a s t  o f  Akun I s l a n d ,  
s o u t h  o f  S u r f  Bay ( f i g .  2 6 ) .  The s p r i n g s  are 9 km e a s t  o f  t h e  v i l l a g e  o f  
Akutan.  Maximum e l e v a t i o n  of t h e  i s l e t  i s  a b o u t  35 m.  A t  low t i d e  
t h e  i s l e t  i s  connec ted  t o  Akun. 

The e x i s t e n c e  o f  t h e s e  s p r i n g s  w a s  r e p o r t e d  t o  t h e  DGGS f i e l d  p a r t y  
by Luke S h e l i k o f f  o f  Akutan v i l l a g e .  The h o t  s p r i n g s  may be  t h o s e  men- 
t i o n e d  by Grewingk (1850) a s  l o c a t e d  on a l i t t l e  i s l a n d  on t h e  n o r t h w e s t  
s i d e  o f  Akun I s l a n d  (see a l s o  Waring,  1917 ,  p .  3 ) .  The i n h a b i t a n t s  
o f  Akutan v i l l a g e  have no knowledge of any  h o t  s p r i n g s  o t h e r  t h a n  t h o s e  
on t h e  i s l e t .  

One major  s p r i n g  and s e v e r a l  s e e p s  i s s u e  a t  h a l f - t i d e  l e v e l  from 
t h e  n o r t h  s i d e  of a prominent  NE-SW t r e n d i n g  b a s a l t i c  d i k e .  The d i k e  
e x t e n d s  t o  t h e  2 0 m - h i g h  c l i f f s  t h a t  tower  above t h e  beach.  Loca l  f l o r a  
is  m a i n l y  t u n d r a .  Sea mammals and b i r d s  f r e q u e n t  t h e  c o a s t a l  w a t e r s .  
The beaches  a r e  l i t t e r e d  w i t h  g a s t r o p o d  s h e l l s .  

The s p r i n g s  a r e  a c c e s s i b l e  by b o a t  from t h e  v i l l a g e  o f  Akutan b u t  
r e q u i r e s  c r o s s i n g  o f  Akun S t r a i t ,  which i s  r e l a t i v e l y  s h a l l o w  (3  fa thoms)  
and h a s  a  12-knot t i d a l  c u r r e n t  w i t h  heavy r i p t i d e s ,  s t a n d i n g  waves,  and 
o v e r f a l l s .  

The i s l e t  and a d j a c e n t  Akun I s l a n d  have been s e l e c t e d  by t h e  Akutan 
N a t i v e  C o r p o r a t i o n  under  t h e  p r o v i s i o n s  of ANCSA. A d w e l l i n g  was observed  
on Akun I s l a n d  a c r o s s  from t h e  s p r i n g s .  

The i s l e t  c o n s i s t s  of c o n s o l i d a t e d ,  p o o r l y  s o r t e d  b a s a l t i c - a n d e s i t i c  
v o l c a n i c  r o c k s  and c l a s t s  c u t  by a  1.5-m-wide v e r t i c a l  b a s a l t i c  d i k e , r h a t  
t r e n d s  N .  55O E .  Volcan ic  r o c k  f r a g m e n t s  exposed i n  t h e  20-m-high beach 
c l i f f  ranged f rom rounded and  a n g u l a r  p e b b l e s  and c o b b l e s  t o  l a r g e  a n g u l a r  
b o u l d e r s .  A s i l l - l i k e  f e a t u r e  exposed i n  t h e  c l i f f  i s  a l a p i l l i  t u f f  w i t h  
a u g i t e  and p l a g i o c l a s e  p h e n o c r y s t s  d i s p e r s e d  i n  a  g l a s s y  m a t r i x .  

The b a s a l t i c  d i k e  c o n t a i n s  0.5-3 mm a n h e d r a l  p h e n o c r y s t s  o f  p l a g i o -  
c l a s e  i n  a  da rk-gray  groundmass. Other  p h e n o c r y s t s  p r e s e n t  i n c l u d e d  
i d d i n g s i t e ,  a u g i t e ,  and t r a c e  amounts o f  o l i v i n e .  



The s o u t h e r n  p a r t  o f  Akun I s l a n d  a d j a c e n t  t o  t h e  i s l e t  c o n s i s t s  
o f  L a t e  T e r t i a r y  and Qua te rnary  b a s a l t i c  and  a n d e s i t i c  f lows  and pyro- 
c l a s t i c  d e b r i s  (F.M. Byers ,  unpub. d a t a ,  1 9 4 8 ) .  M t .  G i l b e r t ,  a  Recent 
a n d e s i t i c  s t r a t o v o l c a n o ,  l i e s  8 km n o r t h  of t h e  i s l e t .  

S p r i n g  c h a r a c t e r i s t i c s  

The s p r i n g  emerges i n t o  a s h a l l o w  pool  a l o n g s i d e  a  b a s a l t i c  
d i k e .  The poo l  i s  1 . 5  m i n  d i a m e t e r  and 0.5 m deep .  D i s c h a r g e  £;om t h e  
poo l  i s  small and e s t i m a t e d  t o  be  1 5  lpm. S p r i n g  t e m p e r a t u r e  is  42.g°C. 
C o n s i d e r a b l e  g a s  b u b b l i n g  o c c u r s  i n  t h e  p o o l .  Four s e e p s  were  found a t  lower  
t i d e  l e v e l s  a b o u t  1 0  m seaward of t h e  main s p r i n g .  Temperatures  o f  t h e  s e e p s  
ranged from 31.g0 t o  43.50C. A d d i t i o n a l  t h e r m a l  s p r i n g s  and s e e p s  may o c c u r  
below s e a  l e v e l .  

T a b l e  26 g i v e s  t h e  p h y s i c a l  and chemica l  p r o p e r t i e s  of w a t e r s  o b t a i n e d  
from t h e  p r i n c i p a l  s p r i n g .  The h i g h  d i s s o l v e d  s o l i d s ,  s a l i n i t y ,  and 
bromide c o n t e n t  of t h e  w a t e r s  r e f l e c t  t h e  p r o b a b l e  i n f l u e n c e  of s e a w a t e r .  
The s p r i n g s  are p r o b a b l y  d i l u t e d  by ocean  w a t e r  b e f o r e  t h e y  emerge a t  
t h e  s u r f a c e .  Some of  t h e  w a t e r s  c h a r g i n g  t h e  hydro thermal  sys tem may a l s o  
have o r i g i n a l l y  been s e a w a t e r .  

The t h e r m a l  s p r i n g s  a r e  p robab ly  a  r e s u l t  o f  deep c i r c u l a t i o n  of 
s u r f a c e  waters a l o n g  f r a c t u r e s  a s s o c i a t e d  w i t h  t h e  a d j a c e n t  d i k e .  

R e s e r v o i r  p r o p e r t i e s  

T a b l e  27  summarizes t h e  a p p l i c a t i o n  of s i l i c a  and c a t i o n  geothermo- 
met ry  a p p l i e d  t o  Akun S t r a i t  h o t  s p r i n g s .  C a t i o n  geothermometry i n d i c a t e s  
s u b s u r f a c e  e q u i l i b r a t i o n  t o o k  p l a c e  a t  t e m p e r a t u r e s  above 100°C. There- 
f o r e  Na-K-Ca ( 1 / 3 )  i s  chosen a s  t h e  c a t i o n  t e m p e r a t u r e  r e p r e s e n t a t i v e  o f  
t h e  r e s e r v o i r  t e m p e r a t u r e .  The q u a r t z  c o n d u c t i v e  t e m p e r a t u r e  i s  1 0 2 O ~ .  
However, i n  b a s a l t i c  t e r r a i n  cha lcedony  c o u l d  a l s o  be  t h e  c o n t r o l l i n g  
s i l i c a  phase  ( F o u r n i e r ,  p e r s .  comm.). I n  e s t i m a t i n g  r e s e r v o i r  t e m p e r a t u r e  
t h e  cha lcedony  t e m p e r a t u r e  i s  t a k e n  a s  minimum, t h e  q u a r t z  c o n d u c t i v e  
a s  most l i k e l y ,  and t h e  Na-K-Ca (113) a s  maximum. 

I? i n  - Pla x - Most l i k e l y  Mean - 
S u b s u r f a c e  T  (PC) 7 2 118 102 9 7 

The low r a t e  of d i s c h a r g e  of t h e  s p r i n g s  s u g g e s t s  t h e  the rmal  w a t e r s  
c o o l e d  c o n d u c t i v e l y  on a s c e n t .  The h i g h  s a l i n i t y  o f  t h e  w a t e r s  and t h e  
l o c a t i o n  o f  t h e  s p r i n g s  i n  t h e  t i d a l  zone i n d i c a t e  t h a t  seawatef  i n f i l t r a t i o n  
may a l s o  be c a u s i n g  c o o l i n g  o f  t h e  the rmal  w a t e r s .  Seawater  h a s  a 
c h l o r i d e  c o n t e n t  of a b o u t  19,000 ppm and a  sodium-to-chlor ide  r a t i o  
o f  0 . 5 5 : l .  A r a t i o  of 0.48:l i s  found i n  t h e  the rmal  w a t e r s ,  which have 
a  c h l o r i d e  c o n t e n t  o f  3 ,440  ppm. I f  t h e  u n d i l u t e d  a s c e n d i n g  t h e r m a l  



Table 26'. Chemical composition and physical properties of 
Akun Straits hot springs 

(all chemical analyses in mg/l) . 
Akun Straits 
hot spring 

F 
B r 
I 
B 

H2 
S r 
pH, field 
Dissolved solids 
Hardness (mg/l CaC03) 
Sp conductance (pmho/cm at 25O~) 
T (OC) 
Flow rate (lpm) 
Date sampled 

nd = Not determined. 

Table 27. Akun Straits hot springs geothermometry 
(all temperatures in OC). 

Surface temperature 42.8 

Cation geothermometers 

Silica geothermometers 

Adiabatic 102 
Conductive 102 
Chalcedony 7 2 
Cristobalite 5 1 
Opal -14 



w a t e r s  a r e  assumed t o  have a  c h l o r i d e  c o n t e n t  o f  400 ppm ( a  l e v e l  
similar t o  o t h e r  t h e r m a l  s p r i n g s  i n  t h e  A l e u t i a n s  no,t o b v i o u s l y  a f f e c t e d  
by s e a w a t e r ) ,  t h e  m i x i n g  f r a c t i o n  o f  s e a w a t e r  r e q u i r e d  t o  a t t a i n  t h e  
c h l o r i d e  l e v e l  i n  t h e  s p r i n g  would be  1 6  p e r c e n t .  T h i s  mixing f r a c t i o n  
i s  n e a r l y  i d e n t i c a l  t o  t h e  r a t i o  of bromide i n  t h e  s p r i n g  w a t e r s  t o  
bromide i n  s e a w a t e r .  I f  mixing were t a k i n g  p l a c e  n e a r  t h e  s u r f a c e ,  t h e  
t e m p e r a t u r e  o f  t h e  t h e r m a l  w a t e r s  b e f o r e  mixing would be 50°c f o r  a  
s e a w a t e r  t e m p e r a t u r e  of 5%. Because s e a w a t e r  c o n t a i n s  l e s s  t h a n  3 ppm 
s i l i c a ,  t h e  premixed t h e r m a l  w a t e r s  would have had a  s i l i c a  c o n t e n t  o f  
60 ppm. T h i s  v a l u e  would i n c r e a s e  t h e  q u a r t z  c o n d u c t i v e  t e m p e r a t u r e  
estimate t o  l l l ° C .  

No g e o p h y s i c a l  e x p l o r a t i o n  h a s  been  done a t  Akun S t r a i t  h o t  s p r i n g s ,  
and t h e  e x t e n t  o f  t h e  s u b s u r f a c e  r e s e r v o i r  i s  n o t  known. 

Comments 

The h o t  s p r i n g s  p r o b a b l y  r e s u l t  from deep c i r c u l a t i o n  o f  s u r f a c e  
w a t e r s  a l o n g  f r a c t u r e s .  The h i g h  s a l i n i t y  and bromide c o n t e n t  o f  t h e  
t h e r m a l  w a t e r s  i n d i c a t e  t h a t  t h e  w a t e r s  become d i l u t e d  w i t h  s e a w a t e r  
on a s c e n t  o r  t h a t  s e a w a t e r  may be  a  major  component of t h e  deep  c i r c u l a t i n g  
sys tem o r  b o t h .  Thermal w a t e r s  may be d i s c h a r g i n g  o f f s h o r e  and going 
u n d e t e c t e d .  The r e m o t e n e s s ,  low t e m p e r a t u r e ,  and low f low r a t e  make 
t h e s e  s p r i n g s  i m p r a c t i c a l  f o r  most geo thermal  a p p l i c a t i o n s .  



ALASKA PENINSULA 
FALSE PASS 

Locat  i o n  

L a t i t u d e  54O55.8 ' N . ,  l o n g i t u d e  163O14.4 ' W . ,  
F a l s e  P a s s  1 :250 ,000  q u a d r a n g l e  (1949) ;  T .  6 1  S . ,  R .  93 W . ,  Seward 

Mer id ian .  

Genera l  d e s c r i p t i o n  

F a l s e  P a s s  h o t  s p r i n g s  a r e  l o c a t e d  on t h e  sou thwes t  s i d e  of a broad 
g l a c i a t e d  v a l l e y  t h a t  t r e n d s  s o u t h e a s t e r l y  from Hot S p r i n g s  Bay, a n  
e x t e n s i o n  o f  Bechevin Bay ( f i g s .  32 and 33) .  The s p r i n g s  l i e  a b o u t  1 km 
i n l a n d  f rom t h e  head of t h e  bay a t  t h e  b a s e  of a s t e e p  r i d g e  t h a t  r i s e s  
o v e r  300 m. E x i s t i n g  a e r i a l  p h o t o g r a p h i c  c o v e r a g e  of t h e  s i t e  i s  poor  
b e c a u s e  o f  c l o u d  c o v e r ,  and t h e  topography o f  t h e  immediate  a r e a  i s  s t i l l  
unmapped. 

The s p r i n g s  emerge i n  two s h a l l o w  p o o l s  i n  g e n t l y  s l o p i n g  a l l u v i a l  
c o v e r  a b o u t  1 0  m above t h e  main v a l l e y  f l o o r .  Outf low from t h e  two p o o l s  
converge  i n t o  a  s i n g l e  c h a n n e l  t h a t  j o i n s  a  small unnamed s t r e a m  a b o u t  
150 m n o r t h e a s t  of t h e  p o o l s .  

The v a l l e y  f l o o r  i s  r e l a t i v e l y  f l a t  a s  a  r e s u l t  o f  a l l u v i a l  i n f i l l i n g  
and a t  one t ime  may have formed a n  e x t e n s i o n  o f  Hot S p r i n g s  Bay. The 
s l o p e  and shape  o f  t h e  v a l l e y  and r i d g e  topography i n d i c a t e s  t h e  major  
e r o s i o n a l  f e a t u r e s  are o f  g l a c i a l  o r i g i n .  V e g e t a t i o n  c o n s i s t s  main ly  o f  
muskeg, g r a s s e s ,  and low b u s h e s .  

The n e a r e s t  s e t t l e m e n t  t o  t h e  s p r i n g s  i s  F a l s e  P a s s ,  a  v i l l a g e  o f  
a b o u t  60 i n h a b i t a n t s  l o c a t e d  on Unimak I s l a n d ,  a b o u t  16 km sou thwes t  o f  
t h e  h o t  s p r i n g s .  The s p r i n g s  a r e  a c c e s s i b l e  from F a l s e  P a s s  by b o a t  
a c r o s s  I s a n o t s k i  S t r a i t  i n t o  e i t h e r  T r a d e r s  Cove o r  Hot S p r i n g s  Bay 
and t h e n  o v e r l a n d  t o  t h e  s p r i n g s .  The h e a d s  o f  t h e s e  i n l e t s  a r e  v e r y  
s h a l l o w  and  n e g o t i a b l e  o n l y  by s m a l l  b o a t  a t  h i g h  t i d e .  I n  optimum 
w e a t h e r  and w a t e r  c o n d i t i o n s  a  f l o a t  p l a n e  c a n  be  l anded  on e i t h e r  Hot 
S p r i n g s  Bay o r  T r a d e r s  Cove. 

The F a l s e  P a s s  a r e a  s u p p o r t s  a f i s h e r y  t h a t  i s  p r i m a r i l y  dependent  
on salmon. V i l l a g e  economy i s  based on t h i s  f i s h e r y  and t h e  l o c a l  cannery .  
The v i l l a g e  m a i n t a i n s  an a i r s t r i p  and i s  a c c e s s i b l e  from Cold Bay by 
l i g h t  twin-engine a i r c r a f t .  

The Bureau o f  Land Management i s  c u r r e n t l y  t r a n s f e r r i n g  l a n d s  
s u r r o u n d i n g  t h e  s p r i n g s  t o  t h e  F a l s e  P a s s  V i l l a g e  N a t i v e  C o r p o r a t i o n  
under  p r o v i s i o n s  o f  ANCSA. An easement  f o r  a  25-ft-wide t r a i l  from 
Hot S p r i n g s  Bay t o  t h e  s p r i n g s  s i t e  h a s  been e s t a b l i s h e d  t o  accomodate 
r e c r e a t i o n a l  use  and s c i e n t i f i c  s t u d y .  A d d i t i o n a l  easements  have a l s o  
been made a t  t h e  s i t e  i t s e l f .  



Q u a t e r n a r y  T e r t i a r y  
i- 

C r e t a c e o u s  J u r a s s i c  
I n  

Figure  32.  General ized geology o f  wes te rn  Alaska Pen insu l a .  
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F i g u r e  33 .  L o c a t i o n  map f o r  F a l s e  P a s s ,  Kenmore, and Egg I s l a n d  h o t  
s p r i n g s .  

Ruins  o f  t h e  abandoned N a t i v e  v i l l a g e  o f  Morzhovoi c a n  be found 
5 km from t h e  s p r i n g s  on t h e  sou thwes t  s h o r e  o f  T r a d e r s  Cove ( f i g .  33) .  
An o l d  t r a i l  l e a d i n g  from Morzhovoi t o  t h e  s p r i n g s ,  r o t t i n g  lumber ,  and 
a n  o l d  b u i l d i n g  s i t e  a t  t h e  s p r i n g s  i n d i c a t e  t h a t  t h e  fo rmer  i n h a b i t a n t s  
o f  t h i s  v i l l a g e  used t h e  s p r i n g s  f o r  b a t h i n g .  

Geology 

The geo logy  o f  t h e  a r e a  h a s  n o t  been mapped. E x t r a p o l a t i n g  
f rom B u r k ' s  (1965) g e o l o g i c  map o f  t h e  Alaska  P e n i n s u l a  n b r t h e a s t  o f  t h i s  
s i t e ,  t h e  bedrock i n  t h e  v i c i n i t y  o f  t h e  s p r i n g s  p r o b a b l y  c o n s i s t s  o f  
Qua te rnary  v o l c a n i c  r o c k s ,  i n c l u d i n g  b a s a l t i c  and a n d e s i t i c  f l o w s  and 
p y r o c l a s t i c  f l o w s  ( f i g .  3 2 ) .  Outc rops  on t h e  r i d g e  above t h e  s p r i n g s  were 
found t o  c o n s i s t  o f  wea thered  and s l i g h t l y  c h l o r i t i z e d  i n t e r b e d d e d  a n d e s i t i c  
f l o w s .  One o f  t h e  f l o w s  examined w a s  a n  o l i v i n e - b e a r i n g  h y p e r s t h e n e  
a n d e s i t e .  Bedrock o u t c r o p s  a r e  a b s e n t  on t h e  v a l l e y  f l o o r .  

No a c t i v e  v o l c a n o e s  a r e  p r e s e n t  i n  t h e  immediate v i c i n i t y  o f  t h e  
s i t e .  



S p r i n g  c h a r a c t e r i s t i c s  

The h o t  s p r i n g s  emerge i n  two s h a l l o w  p o o l s  surrounded by f e r n s  and 
s e t  a b o u t  2  m a p a r t  i n  t h e  a l l u v i u m .  The l a r g e r  o f  t h e  two p o o l s  i s  
2  m i n  d i a m e t e r  and i s  0 .5  m deep ;  t h e  s m a l l e r  poo l  i s  1 m i n  d i a m e t e r  
and 0 . 3  m deep .  The p o o l s  a r e  f l o o r e d  w i t h  s m a l l  b o u l d e r s  and c o b b l e s  
covered  w i t h  t h i c k  mats  of o range  b a c t e r i a .  

The t e m p e r a t u r e s  of b o t h  p o o l s  measured 6 2 . 2 ' ~ .  The l a r g e r  poo l  h a s  
t h e  g r e a t e r  d i s c h a r g e .  Outflow from t h e  two p o o l s  c o a l e s c e  a b o u t  3 m 
downslope from t h e  p o o l s .  The combined f low w a s  measured t o  b e  225 lpm. 
A s i m i l a r  rate of  d i s c h a r g e  w a s  measured by Baker and o t h e r s  (1977) i n  
1977.  Both p o o l s  e x h i b i t e d  c o n t i n u o u s - g a s  b u b b l i n g .  The predominant 
component i s  probab ly  C O Z Y  b u t  a f a i n t  odor  o f  H2S was a l s o  d e t e c t e d .  

T a b l e  28 g i v e s  t h e  chemica l  compos i t ion  and p h y s i c a l  p r o p e r t i e s  o f  
waters o b t a i n e d  from t h e  l a r g e r  o f  t h e  two p o o l s .  The w a t e r s  a r e  n o t a b l y  
low i n  d i s s o l v e d  s o l i d s ,  w i t h  t h e  t h r e e  major  a n i o n s  p r e s e n t  i n  a b o u t  
e q u a l  p r o p o r t i o n .  

T a b l e  28. Chemical c o m p o s i t i o n  and p h y s i c a l  p r o p e r t i e s  of 
F a l s e  P a s s  h o t  s p r i n g s  

( a l l  chemica l  a n a l y s e s  i n  m g / l ) .  

DGGS 

S i 0 2  
Al 
F  e  
Ca 
Mg 
N a  
K 
L i 
HCO3 

s o 4  
C 1 
F  
B r 
1 ,  
B 

H2S 
S r 
pH, f i e l d  
Disso lved  s o l i d s  
Hardness  (mg/l CaC03) 
Sp conduc tance  (pmh~/cm a t  25OC) 
T (OC) 
Flow r a t e  (lpm) 
Date  sampled 

nd = Not d e t e r m i n e d .  



The t h e r m a l  w a t e r s  p r o b a b l y  o r i g i n a t e  f rom c i r c u l a t i o n  o f  m e t e o r i c  
w a t e r s  a l o n g  a  deep f r a c t u r e  zone.  The s u r f a c e  e x p r e s s i o n  o f  such  a  
zone would be  masked by t h e  a l l u v i a l  c o v e r .  The v a l l e y  i n  which t h e  
s p r i n g s  l i e  i s  r o u g h l y  c o l i n e a r  w i t h  a  v a l l e y  on t h e  P a c i f i c  s i d e  of 
t h e  p e n i n s u l a  ( f i g .  3 3 ) .  The l i n e a r  t r e n d  o f  t h e  v a l l e y s ,  N .  50° W . ,  
i s  s i m i l a r  t o  t h e  d i r e c t i o n  o f  convergence o f  t h e  North American and 
P a c i f i c  t e c t o n i c  p l a t e s  (N. 40° W . )  i n  t h i s  s e c t o r  of t h e  A l e u t i a n  Range. 

Nakamura and o t h e r s  (1977) have found e v i d e n c e  based on f a u l t s  
and v o l c a n i c  f o r m a t i o n s  t h a t ,  i n  t h e  A l e u t i a n s ,  t h e  maximum h o r i z o n t a l  
compress ion  i s  p a r a l l e l  t o  t h e  maximum p r i n c i p a l  t e c t o n i c  s t r e s s ,  i . e . ,  
t h e  d i r e c t i o n  o f  %convergence ,  F r a c t u r e s  and f a u l t s  t end  t o  p r o p a g a t e  
p e r p e n d i c u l a r  t o  t h e  minimum s t r e s s  d i r e c t i o n ,  p r o v i d i n g  avenues  f o r  
c i r c u l a t i o n  o f  m e t e o r i c  w a t e r s  t h r o u g h  deep-seated h o t  r o c k s .  Another  
h o t - s p r i n g  sys tem o c c u r s  on t h e  P a c i f i c  Coas t  roughly  i n  l i n e  w i t h  F a l s e  
- P a s s  h o t  s p r i n g s  and  t h e  v a l l e y  t r e n d .  

R e s e r v o i r  p r o p e r t i e s  

Tab le  29 summarizes t h e  a p p l i c a t i o n  o f  s i l i c a  and c a t i o n  geothermo- 
met ry  t o  F a l s e  P a s s  h o t  s p r i n g s .  C a t i o n  geothermometry s u g g e s t s  sub- 
s u r f a c e  e q u i l i b r i u m  took p l a c e  a t  t e m p e r a t u r e s  below 100°C. The tempera- 
t u r e  g i v e n  by t h e  Na-K-Ca (413) geothermometer ,  however, i s  lower  t h a n  
t h a t  measured a t  t h e  s u r f a c e  and i s  t h e r e f o r e  d i s c o u n t e d .  T h e r e f o r e ,  t h e  
s i l i c a  t e m p r a t d r e s  a r e  r e l i e d  oh i n  estimating r e s e r v o i r  t e m p e r a t u r e .  I n  
b a s a l t i c  t e r r a i n  a t  t e m p e r a t u r e s  below 1 5 0 ° c . ,  t h e  r e s e r v o i r  w a t e r s  
c o u l d  be  e q u i l i b r a t i n g  w i t h  e i t h e r  cha lcedony  o r  q u a r t z  ( ~ b u r n i e r ,  p e r s .  
comm.). In  e s t i m a t i n g  r e s e r v o i r  t e m p e r a t u r e ,  t h e  cha lcedony  t e m p e r a t u r e  
i s  t a k e n  as minimum and q u a r t z  c o n d u c t i v e  a s  b o t h  most l i k e l y  and a s  maximum: 

M i n  - Max - Most l i k e l y  Mean 

S u b s u r f a c e  T (OC) 84 113  1 1 3  1 0 3  

T a b l e  29. F a l s e  P a s s  h o t  s p r i n g s  geothermometry 
( a l l  t e m p e r a t u r e s  i n  OC).  

S u r f a c e  t e m p e r a t u r e  62.2  

C a t i o n  geothermometers  

S i l i c a  geothermometers  

A d i a b a t i c  
Conduct ive  
Chalcedony 
C h r i s t o b a l i t e  
Opal 



The h o t  s p r i n g s  i s s u e  from t h e  s u r f a c e  a t  t e m p e r a t u r e s  below b o i l i n g  
and have a l a r g e  combined f l o w  r a t e ,  f a c t o r s  which s u g g e s t  mixing o f  
c o l d e r  waters ( F o u r n i e r  and T r u e s d e l l ,  1 9 7 4 ) .  I n  a d d i t i o n ,  t h e i r  l o c a t i o n  
i n  v a l l e y  a l l u v i u m  i n c r e a s e s  t h e  p o t e n t i a l  of  d i l u t i o n  by i n f i l t r a t i o n  
o f  s u r f a c e  and ground w a t e r s .  Cold s p r i n g s  i n  s i m i l a r  l o c a t i o n s  e l s e -  
where on t h e  A l a s k a  P e n i n s u l a  and i n  t h e  A l e u t i a n s  had a n  a v e r a g e  tempera- 
t u r e  o f  a b o u t  1 0 ' ~  and a s i l i c a  c o n t e n t  o f  20 ppm. By u s i n g  t h e s e  pa ra -  
m e t e r s  t o  c h a r a c t e r i z e  t h e  co ld -wate r  f r a c t i o n  and f o l l o w i n g  t h e  method 
o f  T r u e s d e l l  and F o u r n i e r  (1977) ,  a p p l i c a t i o n  o f  q u a r t z  mixing models 
g i v e  t h e  f o l l o w i n g  r e s u l t s :  

P a r e n t  h o t  water 

Mixing model - Max T  (OC) SiO7 (ppm) F r a c t i o n  (%) 

Maxiumum s t e a m  l o s s  132 
No s team l o s s  1 6 1  

T e m p e r a t u r e s , f r o m  t h e  q u a r t z  mixing models  must be  used w i t h  c a u t i o n .  
No c o r r o b o r a t i v e  e v i d e n c e  f o r  mix ing  s u c h  a s  from c h l o r i d e - t e m p e r a t u r e  
a n a l y s i s  o r  w a t e r  oxygen- i so tope  a n a l y s i s  i s  a v a i l a b l e .  F u r t h e r ,  t h e  
p a r a m e t e r s  used f o r  t h e  c o l d  w a t e r s  may n o t  be r e p r e s e n t a t i v e  of  w a t e r s  
a c t u a l l y  mix ing  w i t h  t h e  t h e r m a l  water. 

Some of  t h e  a s c e n d i n g  the rmal  w a t e r  may go u n d e t e c t e d ,  d i s c h a r g i n g  
b e n e a t h  t h e  s u r f a c e  i n t o  t h e  a l l u v i u m  o v e r l y i n g  t h e  bedrock .  A s h a l l o w  
r e s e r v o i r  may have formed i n  t h e  a l l u v i u m  o v e r  t h e  p o i n t  of emergence 
of  h o t  w a t e r s  frorn t h e  s u b s u r f a c e  bedrock .  I f  t h e  r e s i d e n c e  t ime  o f  
t h e  waters i n  such  a  r e s e r v o i r  i s  l o n g  enough,  t h e  chemica l  c o n s t i t u e n t s  
p r e s e n t  i n  t h e  w a t e r s  c o u l d  r e e q u i l i b ' r a t e  t o  t h e  lower  t e m p e r a t u r e s .  
Such a s i t u t a t i o n  c o u l d  a c c o u n t  f o r  t h e  anomalously  low c a t i o n - e q u i l i -  
b r a t i o n  t e m p e r a t u r e .  

No g e o p h y s i c a l  e x p l o r a t i o n  h a s  y e t  been done a t  F a l s e  P a s s  h o t  s p r i n g s ,  
and t h e  e x t e n t  o f  a n y  s u b s u r f a c e  t h e r m a l  r e s e r v o i r s  i s  unknown. 

Comments 

S u r f a c e  t e m p e r a t u r e s  and f l o w  r a t e s  a t  F a l s e  P a s s  h o t  s p r i n g s  a r e  
s u f f i c i e n t  f o r  a  v a r i e t y  o f  s m a l l - s c a l e  d i r e c t - h e a t  a p p l i c a t i o n s ,  i n c l u d i n g  
a q u a c u l t u r e  and s p a c e  h e a t i n g .  The e s t i m a t e d  r e s e r v o i r  t e m p e r a t u r e  i s  
w e l l  below t h a t  p r e s e n t l y  r e q u i r e d  f o r  g e n e r a t i o n  of  e l e c t r i c a l  power. I f  
s u b s u r f a c e  mixing of  c o l d e r  w a t e r s  i s  o c c u r r i n g ,  however,  mixing models 
s u g g e s t  r e s e r v o i r  t e m p e r a t u r e s  o f  o v e r  150°C, which cou ld  be  enough t o  
g e n e r a t e  e l e c t r i c i t y .  



Hot waters may be  d i s c h a r g i n g  below t h e  s u r f a c e  d i r e c t l y  i n t o  t h e  
a l l u v i u m .  I f  a s h a l l o w  r e s e r v o i r  i s  p r e s e n t  i n  t h e  a l l u v i u m ,  d r i l l i n g  
o f  s h a l l o w  w e l l s  i n t o  t h e  r e s e r v o i r  c o u l d  add s u b s t a n t i a l l y  t o  t h e  
r e s o u r c e  p r e s e n t l y  emerging a t  t h e  s u r f a c e  a t  a  r e l a t i v e l y  low c o s t .  

The h o t  s p r i n g s  p r o b a b l y  r e s u l t  from deep  c i r c u l a t i o n  o f  m e t e o r i c  
w a t e r s  a l o n g  f r a c t u r e s .  Such f r a c t u r e s  c o u l d  be g e n e r a t e d  by t h e  l a r g e  
compress ive  s t r e s s  caused  by t h e . c o n v e r g e n c e  o f  two major  t e c t o n i c  
p l a t e s .  



KENPIORE HOT SPRINGS 

L o c a t i o n  

L a t i t u d e  54O54.2' N . ,  l o n g i t u d e  163008.6 '  W . ;  F a l s e  P a s s  1:250,000 
Quadrangle  (1949) ;  T. 6 1  S . ,  R .  92  W . ,  Seward Mer id ian .  

Genera l  d e s c r i p t i o n  

Kenmore* h o t  s p r i n g s  a r e  l o c a t e d  on t h e  P a c i f i c  s h o r e  o f  t h e  Alaska 
P e n i n s u l a  n e a r  i t s  southwesternmost  end ,  ha l fway  between Morzovoi and 
I k u t a n  Bays ( f i g .  3 3 ) .  The s p r i n g s  o c c u r  a t  h a l f  t i d e  l e v e l  a b o u t  0 .5  km 
sou thwes t  o f  a  s t r e a m  d r a i n i n g  a  prominent  g l a c i a l  v a l l e y  l o c a t e d  o p p o s i t e  
"Hot S p r i n g s  V a l l e y . "  Topographic  coverage  f o r  much o f  t h i s  p o r t i o n  o f  
t h e  Alaska  P e n i n s u l a  is  l a c k i n g .  The a r e a  h a s  been i n t e n s e l y  g l a c i a t e d  
w i t h  r i d g e  t o p s  r i s i n g  t o  460-560 m. S t e e p  beach c l i f f s  r i s e  a b r u p t l y  
f rom t h e  s h o r e l i n e  a l o n g  much of t h i s  p a r t  of t h e  c o a s t .  

The s p r i n g s  a r e  reached  from t h e  F a l s e  P a s s  h o t  s p r i n g s  by 
t r a v e r s i n g  a  300-m-high p a s s  s e p a r a t i n g  t h e  Hot s p r i n g s  Bay v a l l e y  on 
t h e  n o r t h w e s t  s i d e  and t h e  g l a c i a l  . v a l l e y  on t h e  s o u t h e a s t  s i d e .  The 
o v e r l a n d  t r e k  i s  about  8  km l o n g .  The s i t e  can  be a l t e r n a t i v e l y  reached  
by l a n d i n g  a small a i r c r a f t  on a  broad sand beach a t  t h e  mouth o f  t h e  
g l a c i a l  v a l l e y ,  n e a r  a f i s h i n g  s h a c k .  The e x i s t e n c e  o f  t h e s e  s p r i n g s  
was r e p o r t e d  t o  DGGS by a l o c a l  f i s h e r m a n ,  who had e x p l o r e d  much of  
t h e  s u r r o u n d i n g  a r e a .  

V e g e t a t i o n  i n  t h e  a r e a  c o n s i s t s  mainly  of t u n d r a ,  w i l l o w s ,  and 
a l d e r s .  Loca l  f auna  i n c l u d e  c a r i b o u ,  brown b e a r ,  f o x ,  and abundant- 
b i r d  l i f e .  Loca l  l a n d  s t a t u s  i s  n o t  known. 

The geo logy  of  t h e  a r e a  i s  s t i l l  unmapped. On t h e  b a s i s  o f  
g e o l o g i c  mapping of t h e  p e n i n s u l a  n o r t h e a s t  o f  Florzhovoi Bay (Burk,  
1965) and a b r i e f  r e c o n n a i s a n c e  of t h e  h o t  s p r i n g  a r e a  by DGGS i n  
1980, t h e  r e g i o n  i s  i n f e r r e d  t o  c o n s i s t  of l a t e  T e r t i a r y  and Qua te rnary  
v o l c a n i c  f l o w s ,  s i l l s ,  and d i k e s  and a s s o c i a t e d  s e d i m e n t a r y  r o c k s  ( f i g .  3 2 ) .  
The s p r i n g s  are n e a r  a  2-m-wide v e r t i c a l  b a s a l t i c - a n d e s i t i c  d i k e  w i t h  a  
s t r i k e  of 111'. The d i k e  r o c k  c o n s i s t s  of a b o u t  30 p e r c e n t  e u h e d r a l  
p h e n o c r y s t s  o f  p l a g i o c l a s e  a v e r a g i n g  3  mm i n  l e n g t h  and a n d e s i n e  i n  com- 
p o s i t i o n ,  a b o u t  1 0  p e r c e n t  3-mm p h e n o c r y s t s  o f  i d d i n g s i t e '  i n  a  m a t r i x  
o f  a b o u t  35 p e r c e n t  f i n e - g r a i n e d  p l a g i o c l a s e ,  and 20 p e r c e n t  f i n e -  
g r a i n e d  i d d i n g s i t e  w i t h  t r a c e s  o f  a u g i t e  and opaques .  The d i k e  c u t s  
a  s e r i e s  o f  v o l c a n i c  f l o w s  and s e d i m e n t a r y  r o c k s  exposed i n  t h e  beach 

" In formal  name. 



cliff. Additional dikes, pillow lavas, and columnar jointing in some 
of the flows was also observed in the beach cliff. The mineralogy 
of the pillow lavas was similar to that of the dike by the spring. 

S~ring characteristics 

The springs, which emerge in three small pools from amongst 
beach boulders near a basaltic dike, are found at half-tide level about 
30 m seaward of a steep beach cliff that rises 150 m above the shoreline. 
Upwelling and gas bubbling cover an area of about 4 m2. Temperatures 
ranged from 40° to 43 .~OC, with the highest temperatures occurring 
in the largest pool. The discharge for all sources combined was visually 
estimated at 80 lpm. No odor of H2S was detected. 

Table 30 gives the chemical and physical properties of thermal 
waters obtained from the largest and warmest pool. The waters are 
notably high in dissolved solids. The large amounts of sodium, chloride, 
and particularly magnesium and bromide suggest either a seawater origin 
for the thermal waters or perhaps contamination by surface seawater 
influx. If the Mg and Br in the thermal waters are assumed to be 
derived solely from seawater contamination, the average seawater values 
of 1,272 and 65 ppm for Mg and Br, respectively, yield a maximum cold 
seawater mixing fraction of 5 to'8 percent. This amount of mixing could 
account for a large part of the other constituents present in the 
thermal water. 

Reservoir properties 

Table 31 summarizes cation and silica geothermometry applied to 
Kenmore hot springs. The magnesium in the waters is assumed to 
be mainly of surface seawater origin and no magnesium correction has 
been applied to the cation geothermometer. The Na-K-Ca (413) geothermo- 
meter indicates subsurface equilibrium takes place at temperatures 
below 100°C. In estimating the subsurface reservoir temperatures, 
the Na-K-Ca ( 4 1 3 )  temperature is taken as most likely, the chalcedony 
as minimum, and the quartz as maximum: 

Min - Max - Most likely - Mean 

Subsurface T (OC) 62 9 3 7 3 7 6 

These estimates may be slightly higher if seawater contamination 
is occurring. Alternatively, the deep circulating thermal waters may 
themselves be of a seawater origin. The flow rates of the springs are 
low and cooling probably occurs by conduction during ascent of the 
thermal waters. 



Table 30. Chemical composition and physical properties of 
Kenmore hot springs 

(all chemical analyses in mgll). 

Si02 
Al 
Fe 
Ca 
Mg 
Na 
K 
L i 
HC03 

SO4 
C1 
F 
Br 
I 
B 
H2 S 
S r 
pH, field 
Dissolved solids 
Hardness (mg/l CaC03) 
Sp conductance (pmholcm at 
T (OC) 
Flow rate (lpm) 
Date sampled 

4 1 
nd 
0.11 
275 
6 6 
783 
13.2 
0.20 
102 
359 
1570 
0.25 
5.19 
0.09 
3.0 
n d 
1.8 
7.39 
3220 
961 
5600 
43.3 
20 (est) 
7/3/80 

nd = Not determined. 

Table 31. Kenmore hot springs geothernlometry 
(all temperatures in OC). 

Surface temperature 43.3 

Cation geothermometers 

Silica geothermometers 

Adiabatic 
Conductive , 
Chalcedony 
Cristobalite 
Opal 



Comments 

The t h e r m a l  w a t e r s  p r o b a b l y  r e s u l t  from t h e  deep c i r c u l a t i o n  
o f  s u r f a c e  w a t e r s  ( i n c l u d i n g  p o s s i b l y  s e a w a t e r )  a l o n g  f r a c t u r e s  
a s s o c i a t e d  w i t h  t h e  d i k e  i n t r u s i o n s  i n  t h e  a r e a .  Depth o f  c i r c u l a -  
t i o n  would r e a c h  1 . 5  t o  2 .5  km i f  t h e r m a l  g r a d i e n t s  o f  30 t o  50°c/km 
a r e  assumed. The remoteness ,  low d i s c h a r g e ,  and low t e m p e r a t u r e  of 
t h e  s p r i n g s  make them i m p r a c t i c a l  f o r  most geo thermal  a p p l i c a t i o n s .  



EGG ISLAND 

Locat  i o n  

L a t i t u d e  54'56 . I '  N . ,  l o n g i t u d e  162O54.6' W. ; F a l s e  P a s s  D - 3  
1 :63 ,360  Quadrangle ,  T .  60 S . ,  R .  90  W .  

Genera l  d e s c r i p t i o n  

Egg I s l a n d  i s  a v e r d a n t ,  e l o n g a t e ,  wedge-shaped i s l a n d  l o c a t e d  
a b o u t  1 km o f f s h o r e  a t  t h e  e a s t e r n  edge o f  t h e  mouth o f  Morzhovoi Bay 
on t h e  P a c i f i c  s i d e  o f  t h e  Alaska  P e n i n s u l a  ( f i g .  3 3 ) .  Egg I s l a n d  is  
o n l y  600 m l o n g ,  a l i g n e d  n o r t h e a s t - s o u t h w e s t ,  w i t h  s e a  c l i f f s  r i s i n g  
s h a r p l y  t o  a c e n t r a l  peak a b o u t  400 m h i g h .  The i s l a n d ' s  s t e e p  s l o p e s  
are covered  t o  v a r y i n g  d e g r e e s  w i t h  c o a r s e  g r a s s e s  and s e r v e  as r o o k e r i e s  
f o r  m u l t i t u d e s  o f  g u l l s ,  p u f f i n s ,  and  murres .  

S e v e r a l  h o t  s p r i n g s  and ho t -wate r  s e e p s  a r e  found on t h e  s o u t h e a s t  
s h o r e  o f  t h e  i s l a n d  a t  low- t ide  l e v e l .  The s p r i n g s  emanate from s e v e r a l  
s m a l l  f r a c t u r e s  on a  wave-cut p l a t f o r m  of vo , l can ic  r o c k s  t h a t  r u n s  t h e  
l e n g t h  of t h e  i s l a n d  and e x t e n d s  seaward t o  t h e  s o u t h e a s t  f o r  50 m.  A 
narrow b o u l d e r  beach b o r d e r s  t h e  n o r t h w e s t  s i d e  of t h e  i s l a n d .  The 
sou thwes t  s i d e  is  i n c i s e d  by s e v e r a l  t i d a l  c h a n n e l s  a t  l e a s t  5 m deep 
and wide and up t o  30 m l o n g .  The r e g u l a r i t y  o f  t h e  p a r a l l e l  s h e e r  w a l l s  
o f  t h e  c h a n n e l s  s u g g e s t s  some s t r u c t u r a l  c o n t r o l  i n  t h e i r  f o r m a t i o n .  
These v e r t i c a l  w a l l s  a r e  r o u g h l y  a l i g n e d  w i t h  t h e  s t e e p  o u t e r  edge o f  
t h e  above wave-cut p l a t f o r m .  

Cold Bay is  t h e  n e a r e s t  p o p u l a t i o n  c e n t e r  t o  Egg I s l a n d  and l i e s  
30 km t o  t h e  NNE. The f i s h i n g  v i l l a g e  of King Cove i s  40 km e a s t  of 
t h e  i s l a n d .  Although t h e  i s l a n d  c a n  be reached  by b o a t  o r  f l o a t  p l a n e  
f rom Cold Bay, t h e  b o u l d e r  beaches  and d e n s e  k e l p  beds t h a t  su r round  t h e  
i s l a n d  make l a n d i n g s  hazardous .  Egg I s l a n d  i t s e l f  i s  p a r t  o f  t h e  
A l e u t i a n  W i l d l i f e  Refuge System. 

Geology 

Waldron (1961) mapped Egg I s l a n d  a s  a  T e r t i a r y  h o r n b l e n d e - a n d e s i t e  
p l u g  and c o r r e l a t e d  i t  w i t h  Amagat I s l a n d  3 km t o  t h e  s o u t h ,  a l t h o u g h  
h e  viewed Egg I s l a n d  o n l y  from a  b o a t .  Both i s l a n d s  a r e  c h a r a c t e r i z e d  
by e x c e e d i n g l y  s t e e p  r e l i e f ,  b u t  much of Egg I s l a n d  was found t o  be  

'composed o f  a c o a r s e - g r a i n e d  h o l o c r y s t a l l i n e  d i o r i t e  c o n t a i n i n g  e u h e d r a l  
t o  s u b e u h e d r a l  complexly  zoned p l a g i o c l a s e ,  b i o t i t e ,  and c l i n o p y r o x e n e .  
A d i o r i t i c  s t o c k  s i m i l a r  i n  l i t h o l o g y  t o  Egg I s l a n d  w a s  mapped By Waldron 
(1961) w e s t  o f  T h i n p o i n t  Lagoon, which i s  e a s t  o f  Egg I s l a n d ;  i t  i n t r u d e s  
midd le  and  upper T e r t i a r y  v o l c a n i c s  of b a s a l t i c  compos i t ion .  Egg I s l a n d  
is  s e p a r a t e d  from t h e  p e n i n s u l a  mainland by a  s h a l l o w ,  k e l p - i n f e s t e d  s t r a i t .  



On the other side of the strait is a broad U-shaped valley formed 
on the flanks of the old Morzhovoi stratovolcano. Farther north 
is Frosty Peak, a spectacular composite volcano of late Pleistocene 
or Recent age that is the dominant topographic and geologic feature 
of the area. 

S~rine characteristics 

Several springs occur at low-tide level and emanate from small 
fractures in a wave-cut platform on the southeast side of .the island. 
The springs are located midway down the length of the island and about 
4 m from the outer edge of the platform. The main spring that was 
sampled flows from the bottom of a small, 0.75-m-deep depression in 
the horizontal bench of volcanic rock. The pool is only 0.5 m in 
diameter, but is connected by channels to a network of similar pools 

2 coveri.ng an area 2 m . Three seeps with steady streams of gas bubbles 
originate from fractures in the bottom of this pool, which has a tempera- 
ture of 50.6OC. There was no strong odor of H2S. Numerous tiny patches 
of bubbling activity are found along fractures several meters inland on 
the marine bench. A complete survey made of the periphery of the island 
confirmed that geothermal activity is confined to the immediate vicinity 
of the pool sampled. 

Table 32 gives the chemical and physical properties of the thermal 
spring sampled. Flow from the main spring area was impossible to measure 
because of the interconnecting pools, but is probably considerable. 
Although the sampling was performed at lowest tide, a time when the 
ledge is essentially supratidal, waves breaking against the wall of rock 
at the outside edge of the shelf splashed large amounts of seawater onto 
that area of the shelf. However, the low magnesium and sulfate present 
in the thermal waters indicate little contamination of the water sample 
with fresh seawater. This suggests that outflow from the spring must be 
great enough to rapidly flush out most incoming seawater. The high 
levels of sodium, chloride, calcium, bromide, iodide, and strontium 
indicate seawater is the parent fluid that is being circulated at depth 
and heated, with magnesium and sulfate being selectively removed by 
subsurface water-rock interactions. 

Although the intertidal volcanic shelf hosts a luxuriant growth 
of algae, the hot-spring area is barren. There are no conspicuous 
mineral deposits surrounding the spring vents. 

Reservoir characteristics 

Table 33 summarizes the silica and cation geothermometry of Egg 
Island hot springs. The cation geothermometers indicate subsurface 
equilibration takes place at temperatures below 100°C. The Na-K-Ca ( 4 / 3 )  



temperature is close to the chalcedony temperature of 69'~. Alter- 
natively, the waters may be equilibrating with quartz and reservoir 
temperatures may be as high as 990C: 

Min - Max - Most likely Mean 

Subsurface T (OC) 6 9 9 9 7 0 7 9 

Table 32. Chemical composition and physical properties of 
Egg Island hot spring 

(all chemical analyses in mg/l) . 

DGGS - 

pH, field 
Dissolved solids 
Hardness (mg/l CaC03) 
Sp conductance (pmho/cm at 25OC) 
T (OC) 
Flow rate (lpm) (est) 
Date sampled 

nd = Not determined. 

The combined flow of the hot-springs system is estimated at about 
200 lpm. Water chemistry indicates that contamination with seawater 
near the surface is minimal. If mixing of colder waters is taking 
place it occurs at deeper levels and may not involve seawater. 

Comments 

The hot springs probably result from circulation of surface 
waters along deep-seated fractures in the country bedrock. Chemical 
analysis indicates that the parent thermal waters may have a seawater 



origin. If the waters are conductively cooling on ascent, the circulation 
depths must be about 1.5 to 2.5 km, assuming geothermal gradients of 
30 to 50°C/km. 

Table 33. Egg Island hot springs geothermometry 
(all temperatures in OC). 

Surface temperature 5 1 

Cation geothermometers 

Silica geothermometers 

Adiabatic 
Conductive 
Chalcedony 
Cristobalite 
Opal 

Egg Island hot springs are thought to be the hot springs reported 
by Waring (1917), from second-hand information, as occurring on an 
island at the mouth of Morzhovaoi Bay. Waring assumed the island to 
be Amagat Island, and the notion of hot springs occurring on Amagat 
has persisted in the literature. However, residents of the Cold Bay 
area could not confirm the presence of any springs on Amagat. 

The small size, remote location, and poor accessibility of Egg 
Island and the inclusion of Egg Island in the Aleutian Wildlife refuge 
make this geothermal site a poor candidate for any development or use. 



COLD BAY 

Locat  i o n  

L a t i t u d e  55O13.3' N . ,  l o n g i t u d e  162'24.7' W . ,  Cold Bay 1 :250 ,000  
Quadrangle  (1943) ;  T .  57 S . ,  R .  87  W. 

Genera l  d e s c r i p t i o n  

. Cold Bay h o t  s p r i n g s  a r e  l o c a t e d  a b o u t  6 km e a s t  o f  Cold Bay, a  
l a r g e  embayment n e a r  t h e  sou thwes t  end o f  t h e  Alaska P e n i n s u l a  ( f i g .  3 4 ) .  
The h o t - s p r i n g s  s i t e  i s  n e a r  t h e  s o u t h w e s t e r n  edge o f  a broad lowland 
formed by t h e  merging o f  s e v e r a l  v a l l e y s  t h a t  d r a i n  nor thward from t h e  
s l o p e s  o f  M t .  Dut ton (1,475 m) and o t h e r  mountains  s o u t h  and w e s t  of  the 
l o w l a n d s .  These mountains  have been d e e p l y  i n c i s e d  by g l a c i e r  e r o s i o n .  
E s k e r s  and mora ines  form prominent  l o c a l  t o p o g r a p h i c  f e a t u r e s  on t h e  
l o w l a n d s ,  b u t  t h e  dominant s u r f a c e  e x p r e s s i o n  of t h e  lowlands  is  a p i t t e d  
outwash p l a i n  w i t h  numerous low h i l l s  and d e p r e s s i o n s  t h a t  commonly 
c o n t a i n  l a k e s ,  ponds ,  o r  mud p l a y a s  (Waldron, 1 9 6 1 ) .  The outwash s u r f a c e  
i n  t u r n  i s  b l a n k e t e d  w i t h  a  t h i c k  c o v e r  o f  t u n d r a ,  g r a s s e s ,  f e r n s ,  s h r u b s ,  
and t h i c k e t s  o f  a l d e r s  and w i l l o w s .  

I I I I 
0 6 10 km 1 8 2 * 3 0 ' W  1 8 2 . 2 0 ' W  1 6 2 . 1 0 ' W  1 8 2 . 0 0 ' W  
I I I 

0  1 2  3 4 6  mi Hot epringe 
1 1 1 1 1 1  

SCALE 1 : 2 6 0 0 0 0  

C o n t o u r  I n t e r v a l  2 0 0  F e e t  

B a a e  m a p :  

- 6 6 . 0 6 ' N  

F i g u r e  34.  L o c a t i o n  map f o r  Cold Bay and Emmons Lake h o t  s p r i n g s .  
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The s p r i n g s  s i t e  c o n s i s t s  o f  a s e r i e s  o f  h o t  s p r i n g s ,  s e e p s ,  and 
b u b b l i n g  warm p o o l s  i s s u i n g  from t h e  s o i l .  on t h e  s o u t h  s l o p e  o f  a  15-m-high, 
e l o n g a t e d  h i l l o c k  t h a t  i s  p r o b a b l y  o f  g l a c i a l  o r i g i n .  The t h e r m a l  w a t e r s  
d r a i n  i n t o  a  s m a l l  cold-water  c r e e k  t h a t  f l o w s  ENE. Numerous brown-bear 
t r a i l s  r a d i a t e  from t h e  s p r i n g s  s i t e .  

The n e a r e s t  s e t t l e m e n t s  a r e  t h e  v i l l a g e  of Cold Bay, l o c a t e d  abou t  
1 8  km w e s t  of  t h e  s p r i n g s  s i t e  and King Cove, a n  A l e u t  f i s h i n g  v i l l a g e  
a b o u t  20 km SSE. The s p r i n g s  a r e  a c c e s s i b l e  from Cold Bay by small b o a t  
t o  t h e  e a s t e r n  s h o r e  of t h e  bay.  An o l d  t r a p p e r ' s  c a b i n  n e a r  t h e  beach 
and a t  t h e  mouth o f  a prominent  r a v i n e  s e r v e s  as a landmark f o r  t h e  
b e g i n n i n g  o f  a 6-km o v e r l a n d  t r e k  t o  t h e  s p r i n g s ;  no t r a i l  e x i s t s . ,  

The v i l l a g e  o f  Cold Bay h a s  a p o p u l a t i o n  o f  a b o u t  100 and s e r v e s  
a s  t h e  gateway t o  t h e  A l e u t i a n s .  It was a major  s t a g i n g  a r e a  f o r  A l l i e d  
F o r c e s  i n  t h e  A l e u t i a n s  d u r i n g  World War 11. Abandoned, r u s t i n g  
m i l i t a r y  b u i l d i n g s  s t i l l  d o t  much of  t h e  s u r r o u n d i n g  c o u n t r y s i d e .  Today 
t h e  Cold Bay a i r p o r t  is  a major  c r o s s r o a d s  f o r  t r a f f i c  s e r v i c i n g  v i l l a g e s  
and t h e  f i s h i n g  i n d u s t r y  t h r o u g h o u t  t h e  A l e u t i a n  and P r i b i l o f  I s l a n d s  
and f o r  a i r c a r g o  f l i g h t s  t o  and from t h e  O r i e n t .  The v i l l a g e  i s  a l s o  
t h e  h e a d q u a r t e r s  f o r  t h e  Izembek N a t i o n a l  W i l d l i f e  Range and f o r  t h e  
r e g i o n a l  o f f i c e  o f  Alaska  Department o f  F i s h  and Game, which o p e r a t e s  a 
salmon h a t c h e r y  n e a r  t h e  v i l l a g e .  

The v i l l a g e  of King Cove i s  l o c a t e d  on a p r o t e c t e d  bay a f f o r d i n g  
e x c e l l e n t  a n c h o r a g e  f o r  t h e  l o c a l  f i s h i n g  f l e e t .  The v i l l a g e  p o p u l a t i o n  
o f  a b o u t  80 i s  p r i m a r i l y  o f  A l e u t  and S c a n d i n a v i a n  background.  Most 
o f  t h e  f i s h i n g  v e s s e l s  i n  King Cove a r e  l o c a l l y  owned and s u p p o r t  a  
l o c a l  salmon and c r a b  c a n n e r y .  

The s p r i n g s  a r e  p r e s e n t l y  l o c a t e d  w i t h i n  t h e  b o u n d a r i e s  o f  t h e  
Izembek N a t i o n a l  W i l d l i f e  Range. The l a n d  s u r r o u n d i n g  t h e  s p r i n g s ,  
however,  h a s  been t e n t a t i v e l y  s e l e c t e d  by t h e  King Cove V i l l a g e  Cor- 
p o r a t i o n  under  terms o f  ANCSA. 

Geology 

Bedrock exposed s o u t h  and e a s t  o f  t h e  lowlands  c o n s i s t s  o f  t a n  
l a t e  T e r t i a r y  s a n d s t o n e s  and cong lomera tes  t h a t  a r e  more t h a n  900 m 
t h i c k  i n  p l a c e s  (Burk,  1965) ( f i g .  3 2 ) .  These s t r a t a ,  which p r o b a b l y  under-  
l i e  t h e  l o w l a n d s ,  r e s e m b l e  t h e  Miocene Bear Lake Format ion o f  P o r t  M o l l e r ,  
b u t  t h e y  may be e q u i v a l e n t  t o  t h e  P l i o c e n e  T a c h i l n i  Format ion sou thwes t  
o f  Cold Bay. E a s t  and s o u t h  o f  t h e  lowlands  and p a r t i c u l a r l y  i n  t h e  
a r e a  o f  t h e  Aghi leen  P i n n a c l e s ,  this sands tone-conglomera te  u n i t  i s  
o v e r l a i n  by a  t h i c k  sequence  o f  P l i o c e n e  t o  e a r l y  P l e i s t o c e n e  v o l c a n i c  
b r e c c i a s  w i t h  a few i n t e r b e d d e d  l a v a  f l o w s .  F a r t h e r  e a s t  i s  t h e  
Emmons Lake v o l c a n i c  complex,  which c o n s i s t s  of P l e i s t o c e n e  and r e c e n t  
v o l c a n i c  f l o w s  and b r e c c i a s  and s e v e r a l  a c t i v e  v o l c a n i c  v e n t s .  



The ridges and volcanic slopes bordering the lowlands have been 
extensively modified by glacier erosion. Bedrock in the lowland area 
is mantled by an unknown thickness of glacier drift and alluvial deposits, 
probably late Pleistocene and derived from these mountains (Waldron, 1961). 
The low-land surface is in turn mantled by ashy and silty soil. A 
semiconsolidated layer of tephra was found exposed in a stream bank 
near the springs site about 0.35 m below the surface. The layer is a 
least 0.5 m thick and consists of lapilli-size pumice and andesitic 
rock fragments in a gray ash matrix of glass and crystal shards. Crystals 
found in the layer include zoned euhedral plagioclase, hornblende, and 
augite. 

Spring characteristics 

Over 14 hot springs, seeps, and warm pools issue from the soil in 
an area of about 300 m by 200 m on the south slope of a small morainal 
hillock (fig. 35). Table 34 lists the individual springs and their 
temperatures. Spring A had the highest measured temperature, 62.3OC, 
and spring L was estimated visually to have the greatest discharge. 
Blue-green algae line most of the outflow channels and orange bacterial 
mats occur in some of the hotter pools. 

Table 34. Temperatures of Cold Bay hot springs 
(flows visually estimated). 

Spring T (OC) Comments 

Actively bubbling pool with moderate flow 
( 30 lprn); pH = 5.55 
Small bubbling spring ( 10 lpm) 
Low flow ( 10 lpm) 
Low flow ( 10 lpm) 
3-m-dia hot pool with continuous bubbling; 
moderate flow (- 30 lpm) 
Low flow ( 10 lpm) 
Bubbling spring with moderate flow ( 50 lpm) 
Seep ( L lpm) 
Low flow ( 10 lpm) 
Gassy spring, very low flow ( 5 lpm) 
Several shallow warm bubbling pools averaging 
about 1 m in dia 
Large pool and large flow ( 100 lpm); pH = 6.70 
Seep ( 1 lpm) 
Moderate flow ( 50 lpm) 
Low flow ( 10 lpm) 



A b o v e  M a i n  D r a i n a g e  

4 1 '  

W a t e r  S a m p l e  

22'-26' 

A l l  T e m p e r a t u r e s  i n  *C 

A l l  Flows i n  l i t e r a / m i n u t e  
S p r i n g  

2 6 6 0  c) P o o l  I A l l  C o n d u c t i v i t i e s  i n  p m h o a / c m .  

F i g u r e  35. U e t a i l  a t  Cold C a y  h o t  s p r i n g s .  

T a b l e  35.  Flow r a t e s  i n  ma jo r  h o t  s p r i n g  c h a n n e l s  

S p r i n g s  Flow (lpm) 

A ,  B ,  C ,  D ,  and E 1 1 8  
F,  G ,  H ,  I ,  and  J 8 9 
L ,  M ,  N ,  and 0 478 - 

T o t a l  685 

The s p r i n g s  tend t o  o c c u r  i n  g r o u p s .  The h i g h e s t  g r o u p ,  s p r i n g s  G ,  
H ,  and I ,  l i e s  about  10  m i n  e l e v a t i o n  above t h e  lowest  s p r i n g s .  Outf low 
from s p r i n g s  i n  i n d i v i d u a l  g roups  merge i n t o  t h r e e  c h a n n e l s ,  which 
e v e n t u a l l y  d r a i n  i n t o  a  co ld -wa te r  s t r e a m  a t  t h e  base  of  t h e  h i l l o c k .  The 
combined measured d i s c h a r g e  f o r  a l l  t h r e e  c h a n n e l s  i s  685 lpm ( t a b l e  3 5 ) .  

The l a r g e  measured f l o w  r a t e  c o n s t r a s t e d  w i t h  t h e  l o w e r  v i s u a l  e s t i m a t e s  
made a t  t h e  s p r i n g  s o u r c e s  s u g g e s t s  t h a t  t h e r m a l  w a t e r s  may be  i n f i l -  
t r a t i n g  t h r o u g h  t h e  c h a n n e l  b e d s  and c o n t r i b u t i n g  t o  t h e  o u t f l o w .  Some 
t h e r m a l  waters may a l s o  be  d i s c h a r g i n g  below t h e  s u r f a c e  and go u n d e t e c t e d .  

C o n s i d e r a b l e  b u b b l i n g  was n o t i c e d  i n  s e v e r a l  o f  t h e  p o o l s  and s p r i n g s .  
An a n a l y s i s  o f  a  g a s  sample  o b t a i n e d  f rom s p r i n g  A i s  g i v e n  i n  t a b l e  36.  



The v a l u e s  f o r  n i t r o g e n  and oxygen p r o b a b l y  r e p r e s e n t  a i r  c o n t a m i n a t i o n  
b e c a u s e  t h e  p r o p o r t i o n s  a r e  a l m o s t  chose  o f  a i r .  ' I n  a d d i t i o n ,  d u r i n g  
a n a l y s i s ,  g a s  p r e s s u r e  i n  t h e  sampl ing  t u b e  was found t o  b e  v e r y  low,  pos- 
s i b l y  due  t o  equipment  m a l f u n c t i o n  w h i l e  a c q u i r i n g  t h e  sample ( W .  Evans,  p e r s .  
comm.). D e s p i t e  t h e s e  p r o b l e m s ,  t h e  a n a l y s i s  shows c l e a r l y  t h a t  methane i s  
t h e  ma jo r  g a s  d i s c h a r g i n g  w i t h  t h e  t h e r m a l  s p r i n g s .  The l a t e  T e r t i a r y  s e d i -  
men ta ry  b e d s  t h o u g h t  t o  u n d e r l i e  t h e  a r e a  may be t h e  s o u r c e  of  t h i s  methane- 
r i c h  g a s .  

T a b l e  3 6 .  A n a l y s i s  o f  g a s e s  o b t a i n e d  f rom 
Cold Bay h o t  s p r i n g s ,  s p r i n g  A . *  

Volume p e r c e n t  

* W . C .  Evans ,  a n a l y s t ,  USGS, Menlo P a r k ,  C a l i f .  

T a b l e  37 g i v e s  t h e  c h e m i c a l  c o m p o s i t i o n  and  p h y s i c a l  p r o p e r t i e s  o f  
t h e r m a l  waters o b t a i n e d  f rom s p r i n g  L .  A l though  no odor  o f  H S was 

2 d e t e c t e d  a t  t h e  s i t e ,  c h e m i c a l  a n a l y s i s  i n  t h e  f i e l d  showed a  t r a c e  amount 
o f  H2S i n  t h e  waters. The t h e r m a l  waters a r e  n o t a b l y  c o n c e n t r a t e d  i n  
sodium and c h l o r i d e  w i t h  t h e  c h l o r i d e  c o n t e n t  much g r e a t e r  t h a n  t h e  combined 
c o n t e n t  o f  b i c a r b o n a t e  and  s u l f a t e .  

Because  Mg becomes i n c r e a s i n g l y  less s o l u b l e  w i t h  i n c r e a s i n g  t e m p e r a t u r e ,  
a  h i g h  Mg c o n t e n t  i s  somet imes  t h o u g h t  t o  i n d i c a t e  a  low e q u i l i b r a t i o n  
t e m p e r a t u r e  ( P o t t e r  and F o u r n i e r ,  p e r s .  comm.). The Mg l e v e l  a t  Cold Bay 
h o t  s p r i n g s ,  however ,  i s  c o n s i s t e n t  w i t h  t h e  l e v e l  o f  Mg found i n  o t h e r  
t h e r m a l  waters i n  t h e  A l e u t i a n s  and Alaska  P e n i n s u l a  examined i n  t h i s  s t u d y .  
An a l t e r n a t i v e  s o u r c e  o f  t h e  Mg c o u l d  b e  t h e  mix ing  o f  a c o l d e r  water. 

R e s e r v o i r  p r o p e r t i e s  

T a b l e  38 sununarizes s i l i c a  and c a t i o n  geothermometry  a p p l i e d  t o  
s p r i n g  L a t  Cold  Bay h o t  s p r i n g s .  The s i l i c a  geothermometers  and t h e  
c l o s e n e s s  o f  t h e  Na-K-Ca ( 4 1 3 )  t e m p e r a t u r e  t o  1 0 0 ~ ~  i n d i c a t e  t h a t  s u b s u r f a c e  



T a b l e  37.  Chemical  c o m p o s i t i o n  and p h y s i c a l  p r o p e r t i e s  of  
Cold Bay h o t  s p r i n g  L 

( a l l  c h e m i c a l  a n a l y s e s  i n  m g l l ) .  

S i t e  L 

S  i 0 2  
A 1  
F e 
C a 
M2 
N a  
K 
L i 
HC03 

so4 
C1 
F 
B r 
I 
B 

H2S 
S r  
pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (mg/l  CaC03) 
Sp c o n d u c t a n c e  (pmho/cm a t  25Oc) 
T (OC) 
Flow r a t e  (lpm) 
Da te  sampled 

e q u i l i b r a t i o n  t o o k  p l a c e  a t  t e m p e r a t u r e s  above 100°C. The Na-K-Ca (113) 
t e m p e r a t u r e  i s  c h o s e n  a s  t h e  minimum r e s e r v o i r  t e m p e r a t u r e ,  t h e  q u a r t z  
c o n d u c t i v e  a s  t h e  maximum, and cha lcedony  a s  t h e  most l i k e l y :  

Plin - Most l i k e l y  Mean 

S u b s u r f a c e  T  (OC) 116  1 5 0  125 1 3 0  

The Mg c o r r e c t i o n  s u g g e s t e d  by F o u r n i e r  and P o t t e r  (1978) f o r  c a t i o n  
geothermometry i s  t o o  low t o  a f f e c t  t h e  above e s t i m a t e s .  

The s p r i n g s  a l l  emanate  a t  t e m p e r a t u r e s  below b o i l i n g  and have  a  
l a r g e  combined d i s c h a r g e ,  which s u g g e s t  t h a t  s u b s u r f a c e  mix ing  o f  c o l d e r  
w a t e r s  i s  o c c u r r i n g  ( F o u r n i e r  and T r u e s d e l l ,  1 9 7 4 ) .  I n  a d d i t i o n ,  t h e  
l o c a t i o n  o f  t h e  s p r i n g s  i n  g l a c i a l  d e b r i s  and n e a r  t h e  f o o t  of  a moun- 
t a i n  r a n g e  i n c r e a s e s  t h e  p o t e n t i a l  o f  d i l u t i o n  by i n f i l t r a t i o n  of  s u r f a c e  
and ground w a t e r s .  A s i l i c a  c o n t e n t  o f  132 ppm was found i n  t h e r m a l  
w a t e r s  d i s c h a r g i n g  from s p r i n g  A ,  which h a s  a  t e m p e r a t u r e  of  62.3Oc. 



Table 38. Cold Bay geothermometry, hot-spring L 
(all temperatures in OC). 

Surface temperature 53.6 

Cation geothermometers 

Silica geothermometers 

Adiabatic 
Conductive 
Chalcedony 
Cristobalite 
Opal 

Although the difference in silica contents between springs A and L is 
within the variance normally expected from lab analyses, the correlation 
of higher spring temperature and silica content suggests mixing. 

No geophysical exploration has yet been done at Cold Bay hot springs 
and the extent of any subsurface thermal reservoirs is unknown. A shallow 
reservoir may have formed in the glacial debris over the point of emer- 
gence of hot waters from the subsurface bedrock. The magnesium in the 
waters emerging at the surface could have resulted from the reequilibration 
of ascending thermal waters in such a low-temperature shallow reservoir 
or from mixing with cold ground-waters. 

Comments 

Surface temperatures and flow rates at Cold Bay hot springs can 
support a variety of small-scale direct heat applications such as aqua- 
culture and space heating. The estimated reservoir temperature is below 
that now required for generating electrical power. However, if subsurface 
mixing of colder waters is occurring, mixing models suggest reservoir tem- 
peratures may exceed 150°c, which may be high enough to generate electricity. 



ET?;lONS LAKE HOT SPRINGS 

L o c a t i o n  

L a t i t u d e  55°20.0'  N . ,  l o n g i t u d e  162O08.4' W . ;  Cold Bay 1 :250 ,000  
Quadrangle  (1943) ;  T. 56 S . ,  R .  84 W .  

Genera l  d e s c r i ~ t i o n  

Emmons Lake h o t  s p r i n g s  a r e  l o c a t e d  n e a r  t h e  n o r t h e r n  s h o r e  o f  a n  
8-km-long a l p i n e  l a k e  t h a t  o c c u p i e s  t h e  bot tom o f  a  s t e e p - s i d e d  n e a r l y  
e n c l o s e d  c r e s c e n t - s h a p e d  b a s i n  14-km n o r t h  o f  Volcano Bay ( f i g .  3 4 ) .  
The l a k e  l i e s  a t  a n  e l e v a t i o n  o f  a b o u t  300 m a t  t h e  s o u t h w e s t  end of a 
20-km-long arc o f  a c t i v e  v o l c a n i s m  t h a t  e x t e n d s  from t h e  g l a c i e r - c l a d  
Pav lof  Volcano (2 ,710 m) and Pav lof  s ister (-2,135 m ) .  Recent. b a s a l t i c  
f l o w s  from M t .  Emmons (1 ,325 m ) ,  t h e  v o l c a n i c  v e n t  c l o s e s t  t o  Emmons 
Lake,  impinge on t h e  l a k e ' s  n o r t h e r n  s h o r e .  The milky-blue  l a k e  is f e d  
i n  p a r t  b y  g l a c i e r  m e l t w a t e r s  and d r a i n s  i n t o  Volcano Bay th rough  a  
narrow g o r g e  formed b e s i d e  a  f r e s h  l a v a  f l o w  o r i g i n a t i n g  from Mount 
Hague (1 ,400 m) . 

The l a n d s c a p e  n e a r  t h e  s p r i n g s  is a  b lend  o f  h e a v i l y  g l a c i a t e d  
o l d e r  v o l c a n i c  t e r r a i n  o v e r l a i n  on t h e  e a s t  by r e c e n t  v o l c a n i c  f l o w s ,  
v e n t s ,  and  c i n d e r  c o n e s .  S t e e p  g l a c i a t e d  v a l l e y  w a l l s  tower  600 m 
above t h e  s o u t h e r n  and  w e s t e r n  s h o r e s  o f  t h e  l a k e .  A s m a l l  g l a c i e r  
f l o w s  n o r t h w e s t  f rom t h e  summit o f  Mount Emmons, and  a somewhat l a r g e r  
g l a c i e r  o c c u p i e s  much of  t h e  upland s o u t h  o f  Emmons Lake. The s p e c t a c u l a r  
Aghi leen  P i n n a c l e s  (1 ,200 m) and t h e  s c e n i c  C a t h e d r a l  V a l l e y  l i e  immedi- 
a t e l y  n o r t h  o f  t h e  s p r i n g s  s i t e .  

The n e a r e s t  communities a r e  King Cove, l o c a t e d  35 km sou thwes t  of 
t h e  s p r i n g s ,  and B e l k o f s k i ,  a  s m a l l  n a t i v e  v i l l a g e  l o c a r e d  32  km due s o u t h .  
The n e a r e s t  commercial  a i r p o r t  i s  a t  Cold Bay, 40 km wes t  o f  t h e  s p r i n g s .  
An a i r s t r i p  l o n g  enough f o r  twin-engined a i r c r a f t  i s  l o c a t e d  j u s t  n o r t h  
o f  King Cove. The s p r i n g s  s i t e  l i e s  i n  rugged a l p i n e  t e r r a i n  and i s  
q u i t e  remote  and d i f f i c u l t  t o  r e a c h .  The DGGS f i e l d  team used a h e l i c o p t e r  
f rom Cold Bay. 

Exact  l a n d  s t a t u s  i s  unknown. Lands s u r r o u n d i n g  t h e  s p r i n g  s i t e  may 
have been s e l e c t e d  by t h e  T a n a d g u i s i x  V i l l a g e  C o r p o r a t i o n  under  t h e  t e rms  
o f  t h e  ANCSA. Otherwise  t h e  l a n d s  a r e  under  t h e  j u r i s d i c t i o n  of t h e  
Bureau o f  Land Management. 

The h o t - s p r i n g s  s i t e  w a s  f i r s t  r e p o r t e d  by Kennedy and Waldron (1955) ,  
who e s t i m a t e d  t h e  s p r i n g  t e m p e r a t u r e s  a t  6 0 ' ~ .  They a l s o  r e p o r t e d  t h a t  
s i x  l a r g e  f u m a r o l e s  and numerous s m a l l e r  o n e s  occupied a s t e e p  g u l l y  on 
t h e  sou thwes t  s i d e  o f  Mount Hague, a t  a l t i t u d e s  r a n g i n g  from 1 , 0 5 0  t o  
1 , 2 5 0  m .  



Geology 

The r e g i o n s  e a s t  and  s o u t h  of Em~aons Lake were mapped i n  1946  by 
Kennedy and Waldron (1955) .  The o l d e s t  exposed r o c k s  i n  t h e  a r e a  a r e  
thought  t o  b e  T e r t i a r y  and c o n s i s t  o f  a r k o s i c  r o c k s  conformably o v e r l a i n  
by a  t h i c k  sequence of f ragmented v o l c a n i c  d e p o s i t s ,  p r i n c i p a l l y  w e l l -  
bedded t u f f s  s o u t h  of Emmons Lake and a g g l o m e r a t e  n o r t h  of t h e  l a k e .  
The bedded r o c k s  a r e  i n t r u d e d  by q u a r t z  d i o r i t e  s t o c k s ,  b a s a l t  p l u g s ,  
a n d e s i t e  s i l l s ,  and numerous b a s a l t i c  d i k e s .  

A f t e r  a l o n g  i n t e r v a l  o f  e r o s i o n ,  d u r i n g  which deep canyons were  
c a r v e d  i n  t h e  t u f f  and agg lomera te  beds  and i n  t h e  i n t r u s i v e  r o c k s ,  a  
series o f  b a s a l t  f l o w s  i s s u e d  from v e n t s  a l o n g  o r  n e a r  a g r e a t  c u r v i n g  
r i f t  o f  n o r t h e a s t  t r e n d  and f i l l e d  t o p o g r a p h i c  d e p r e s s i o n s  i n  t h e  o l d  
e r o s i o n a l  s u r f a c e .  The most widespread o f  t h e s e  o l d e r  1.avas i s  t h e  
Dushkin B a s a l t ,  thought  t o  be P l i e s t o c e n e .  The u n i t  c o n s i s t s  of a t h i c k  
s e r i e s  of i n t e r b e d d e d  f l o w s  and i s  w e l l  exposed i n  t h e  c l i f f s  s o u t h  o f  
Emmons Lake,  where i t  exceeds  650 m i n  t h i c k n e s s .  Kennedy and Waldron 
(1955) s p e c u l a t e d  t h a t  t h e  c rescen t - shaped  b a s i n  c o n t a i n i n g  t h e  l a k e  may 
be  p a r t  o f  a c o l l a p s e  c a l d e r a  formed when l a v a s  of t h e  Dushkin B a s a l t  
were b e i n g  e r u p t e d .  

Recent vo lcan i sm i s  r e p r e s e n t e d  by s i x  l a r g e  stratovolcanoes---PavLof, 
Pavlof  S i s t e r ,  L i t t l e  P a v l o f ,  Double C r a t e r ,  Flount Hague, and Mount 
Emons---that  l i e  a l o n g  a n  a r c  a b o u t  20 km l o n g  and a p p e a r  t o  be b u i l t  
o v e r  a major  r i f t  o f  n o r t h e a s t  t r e n d .  T h i s  c h a i n  of s t r a t o v o l c a n o e s  i s  
made up o f  i n t e r b e d d e d  l a v a  f l o w s  and p y r o c l a s t i c  m a t e r i a l ,  numerous 
s a t e l l i t i c  c i n d e r  cones  and a s s o c i a t e d  l a v a  f l o w s ,  and minor g l a c i a l  
and a l l u v i a l  d e p o s i t s .  With t h e  p o s s i b l e  e x c e p t i o n  o f  L i t t l e  P a v l o f ,  t h e  
v o l c a n o e s  have been a c t i v e  i n  Holocene t i m e s ;  Pavlof  h a s  e r u p t e d  s e v e r a l  
t i m e s  i n . t h e  p a s t  decade .  

S p r i n g  c h a r a c t e r i s t i c s  

The s p r i n g s  emerge from c o l l u v i u m  n e a r  t h e  n o r t h w e s t  c o r n e r  o f  
Emmons Lake a t  t h e  b a s e  of a  s t e e p  v a l l e y  w a l l  composed of Dushkin B a s a l t  
and o c c u r  n e a r  t h e  a g g r a d i n g  outwash d e l t a  a t  t h e  head of t h e  l a k e  ( f i g .  

2 3 6 ) .  There  a r e  s e v e r a l  o r i f i c e s  d i s p e r s e d  o v e r  a n  a r e a  o f  a b o u t  1 ,000  m , 
which i s  marked by l u s h ,  v e r d a n t  v e g e t a t i o n .  

The h o t t e s t  v e n t ,  which measured 6 5 . 1 ° c ,  o c c u r s  by i t s e l f ,  i s s u i n g  from a 
s m a l l  p o o l  abou t  U.6 m i n  d i a m e t e r  and U.3 m deep.  T h i s  spf-ing i s  l o c a t e d  
a b o u t  5 m above l a k e  l e v e l  and h a s  a  d i s c h a r g e  r a t e  of 38 lprn; c a l c i t e  
c o a t s  t h e  upper  p a r t  o f  t h e  c h a n n e l  where i t  f l o w s  i n t o  t h e  l a k e .  The 
s p r i n g  e x h i b i t e d  v i g o r o u s  bubbl ing .  

S e v e r a l  m e t e r s  t o  t h e  s o u t h e a s t ,  a  s m a l l  b a s i n ,  abou t  20  m i n  d i a m e t e r ,  
c o n t a i n s  s e v e r a l  more s p r i n g  o r i f i c e s  w i t h  t e m p e r a t u r e s  r a n g i n g  from 42.1° 
t o  63.6OC. Numerous minor warm s e e p s  a l s o  o c c u r  around t h e  p e r i p h e r y  o f  
t h e  major  s p r i n g  v e n t s .  The combined f low r a t e  of t h e  the rmal  w a t e r s  
measured i n  t h e  b a s i n  o u t f l o w  c h a n n e l  was 560 lpm. The s p r i n g  c h a n n e l s  
were l i n e d  w i t h  o r a n g e - b a c t e r i a l  and b lue-green  a l g a e  mats .  



G l a c i e r  

P l e i s t o c e n e  

F l o w a  8 B r e c c i a s  
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S p r i n g  

A l l  T e m p e r a t u r e s  i n  *C 

A l l  F l o w s  i n  l i t e r s / m i n u t e  

F i g u r e  36 .  D e t a i l  a t  Emmons Lake h o t  s p r i n g s .  

T a b l e  39 g i v e s  t h e  chemica l  and p h y s i c a l  p r o p e r t i e s  of t h e  t h e r m a l  
w a t e r s  o b t a i n e d  from t h e  h o t t e s t  s p r i n g  v e n t .  The w a t e r s  a r e  n o t a b l y  
h i g h  i n  s i l i c a  and i n  c a r b o n a t e  and m i l d l y  c o n c e n t r a t e d  i n  sodium and 
c h l o r i d e .  An a n a l y s i s  o f  g a s e s  emerging w i t h  t h e  the rmal  w a t e r s  i s  g i v e n  
i n  t a b l e  40 .  The p r i n c i p a l  a c t i v e  g a s e s  p r e s e n t  i n  t h e  sys tem a r e  C02 
and CH4. The n i t r o g e n  i s  p r o b a b l y  o f  a t m o s p h e r i c  o r i g i n  w i t h  oxygen 
s e l e c t i v e l y  removed i n  o x i d i z i n g  r e a c t i o n s .  

R e s e r v o i r  p r o p e r t i e s  

T a b l e  4 1  summarizes t h e  a p p l i c a t i o n  o f  s i l i c a  and c a t i o n  geothermo- 
met ry  t o  Emnons Lake h o t  s p r i n g s .  An a n a l y s i s  of t h e  1802:1602 r a t i o s  i n  
t h e  t h e r m a l  w a t e r s  and i n  t h e  s u l f a t e s  p r e s e n t  i n  t h e  s p r i n g  w a t e r s  was 
o b t a i n e d  th rough  t h e  c o o p e r a t i o n  of N.  Nehring (USGS, Menlo P a r k ,  CA). 
The r e s u l t s  of t h e  a n l y s i s  and t h e  a p p l i c a t i o n  of t h e  s u l f a t e - o x y g e n  
i s o t o p e  geothermometer a p p e a r  i n  t a b l e  4 0 .  

Because t h e  s p r i n g s  a r e  w e l l  below b o i l i n g  and no o b v i o u s  m a n i f e s t a -  
t i o n s  o f  s u b s u r f a c e  b o i l i n g  o c c u r s  e l s e w h e r e  i n  t h e  a r e a ,  T1=1840C i s  
chosen a s  t h e  r e p r e s e n t a t i v e  s u l f a t e - o x y g e n  i s o t o p e  r e s e r v o i r  t e m p e r a t u r e  



(PfacKenzie and Truesdell, 1977). This temperature is nearly identical to 
the Na-K temperature but considerably higher than either the quartz-con- 
ductive or Na-K-Ca (1/3) temperatures. For thermal waters originating 
from a high temperature environment ( 18O0c) the Na-K geotherrnometer is 
generally considered to give excellent results, mainly because it is less 
affected by dilution (Fournier, pers. comm.). In estimating the deep 
reservoir temperature, the sulfate temperature is taken as most likely, 
the Na-K as the maximum, and the quartz conductive as minimum: 

Min - Max Most likely flean - 
Subsurface T (OC) 160 184 18 9 178 

Table 39. Chemical composition and physical properties of 
Emmons Lake hot spring 

(all chemical analyses in mg/l). 

Result 

Si02 
A1 
Fe 
Ca 

Na 
K 
Li 
HCO3 

so4 
C1 
F 
B r 
I 
B 
H2S 
Sr 
pH, field 
Dissolved solids 
Hardness (mg/l CaC03) 
Sp conductance (pmho/cm at 250C) 
T (OC) 
Flow rate (lpm) 
Date sampled 

nd = Not determined. 



The h i g h  combined f l o w  r a t e  o f  t h e  s p r i n g s - a n d  t h e  o r i f i c e  t empera tu res . ,  
which a r e  c o n s i d e r a b l y  below geo thernomete r  t e m p e r a t u r e s ,  s u g g e s t  t h e  
t h e r m a l  s p r i n g s  a r e  of a  mixed o r i g i n .  However, a p p l i c a t i o n  of t h e  s i l i c a  
mixing model o f  F o u r n i e r  and T r u e s d e l l  (1977) r e s u l t s  i n  a l i n e  t h a t  d o e s  
n o t  i n t e r c e p t  t h e  q u a r t z  s o l u b i l i t y  c u r v e  (pg.  38 ) .  Because no obv ious  
fumaro le  v e n t s  o c c u r  i n  t h e  g e n e r a l  a r e a ,  s t e a m  s e p a r a t i n g  from a n  a d i a b a -  
t i c a l l y  c o o l i n g  l i q u i d  seems u n l i k e l y  and u s e  o f  t h e  maximum s team- loss  
l i n e  i n  t h e  s i l i c a  mixing model a p p e a r s  unwarranted. '  E i t h e r  t h e  t h e r m a l  
w a t e r s  emerging a t  t h e  s u r f a c e  may have c o o l e d  a f t e r  mixing o r  t h e  
r e s e r v o i r  w a t e r s  may have c o o l e d  p a r t l y  by  c o n d u c t i o n  on a s c e n t  and 
p a r t l y  by mix ing  w i t h  c o l d e r  waters. Any combina t ion  of t h e  p r e c e d i n g  
would i n v a l i d a t e  t h e  u s e  of t h e  s i l i c a  mixing model. The lower  q u a r t z  
t e m p e r a t u r e  c o u l d  a l s o  b e  due t o  p r e c i p i t a t i o n  of s i l i c a  on a s c e n t  o f  
t h e  t h e r m a l  w a t e r s  o r  b e c a u s e  o f  r e e q u i l i b r a t i o n  i n  a s h a l l o w  lower-  
t e m p e r a t u r e  r e s e r v o i r .  

T a b l e  4 0 .  A n a l y s i s  of g a s e s  o b t a i n e d  from 
Emnons Lake ho,t s p r i n g s  . a  

Volume p e r c e n t  

aW.C. Evans,  USGS, l lenlo  P a r k ,  C a l i f o r n i a .  

Comments 

The B e l k o f s k i  Tuff a p p e a r s  t o  u n d e r l i e  t h e  Dushkim B a s a l t s  exposed 
n e a r  t h e  s p r i n g s .  The t u f f s ,  which a r e  p r o b a b l y  porous  and h i g h l y  pe rmeable ,  
a r e  capped by r e l a t i v e l y  impermeable b a s a l t  f l o w s ,  p r o v i d i n g  t h e  p o t e n t i a l  
f o r  an e x c e l l e n t  deep  r e s e r v o i r  f o r  geo thermal  f l u i d s .  The s o u r c e  of h e a t  
d r i v i n g  t h e  hydro thermal  sys tem may be a s h a l l o w  body of magma s u g g e s t e d  by 
t h e  h i g h  l e v e l  o f  v o l c a n i c  a c t i v i t y  t h a t  o c c u r s  e a s t  of t h e  s p r i n g s .  

The e s t i m a t e d  r e s e r v o i r  t e m p e r a t u r e  o f  1 7 8 ' ~  p l a c e s  t h e  hydro thermal  
sys tem i n  t h e  h i g h - t e m p e r a t u r e  category---one t h a t  i s  p o t e n t i a l l y  u s e f u l  
f o r  e l e c t r i c a l  power g e n e r a t i o n  and a  v a r i e t y  o f  o t h e r  a p p l i c a t i o n s .  
Because o f  t h e  remoteness  o f  t h e  s i t e ,  however,  development o f ' t h e  r e s o u r c e  
a p p e a r s  u n l i k e l y .  



Table 41. Emmons Lake hot springs geothermometry 
(all temperatures are in OC). 

Surface temperature 65.1 

Cation geothermometers 

Silica geothermomeTers 

Adiabatic 
Conductive 
Chalcedony 
Cristobalite 
Opal 

Sulf ate-oxygen isotope thermometera 

aN. Nehring, analyst, U.S.G.S., Menlo Park, Calif. 
Temperature estimates are based on three different end 
member cases of water cooling as discussed on page 26. 



PORT MOLLER HOT SPRINGS 

Lo c a t  i o n  

L a t i t u d e  55'51.7' N . ,  l o n g i t u d e  160°29.5 '  W . ;  P o r t  l l o l l e r  D-2 
1:63 ,360  Q u a d r a n g l e  (1963) ;  T .  50 S . ,  R.  73 LJ.; s e c .  1 3 ,  SE1/4 of 
SW1/4 o f  Seward M e r i d i a n .  

G e n e r a l  d e s c r i p t i o n  

P o r t  M o l l e r  h o t  s p r i n g s  a r e  s i t u a t e d  on t h e  s o u t h  s i d e  o f  P o r t  
M o l l e r  Bay, s o u t h e a s t  of M o l l e r  S p i t  and n o r t h  of Mud Bay ( f i g .  3 7 ) .  
The n e a r e s t  h a b i t a t i o n  i s  t h e  P o r t  M o l l e r  c a n n e r y  which l i e s  1 6  km 
n o r t h  o f  t h e  s p r i n g s ;  t h e  n a t i v e  v i l l a g e  o f  Nelson Lagoon i s  l o c a t e d  
n e a r  t h e  B e r i n g  s e a c o a s t  a b o u t  40 km n o r t h w e s t  of t h e  s p r i n g s .  

The p r i n c i p a l  t h e r m a l  s p r i n g s  o c c u r  n e a r  t h e  head of a  s h a l l o w  
0.5-km-long, N-S t r e n d i n g  t r o u g h  l o c a t e d  a d j a c e n t  t o  a  10- to  20-m-high 
bedrock  r i d g e  t h a t  j u t s  o u t  s l i g h t l y  i n t o  P o r t  Plol ler  Bay ( f i g .  3 7 ) .  
Minor s e e p s  o f  warm w a t e r s  were  a l s o  found a t  h a l f - t i d e  l e v e l  emerging 
from f r a c t u r e s  on t h e  wave-cut p l a t f o r m  e a s t  o f  t h e  r i d g e .  T h e  a r e a  
wes t  o f  t h e  t r o u g h  c o n s i s t s  of a n  u n d u l a t i n g  c o a s t a l  lowland c o n t a i n i n g  
small marshes  and ponds and l u s h l y  v e g e t a t e d  w i t h  muskeg, w i l l o w s ,  and  
a l d e r s .  Sou th  of t h e  s p r i n g s  s i t e  t h e  t e r r a i n  i s  r u g g e d l y  mountainous ,  
r i s i n g  t o  t h e  825-m summit o f  S t a n i u k o v i c h  Mountain.  The bot toms of  
v a l l e y s  and  g u l l i e s  on t h e  f l a n k s  o f  t h e  r i d g e s  and mountains  a r e  vege- 
t a t e d  w i t h  w i l l o w  and a l d e r  t h i c k e t s .  Seaward o f  t h e  s p r i n g s  s i t e  l i e s  
a huge c lam-r ich  mud f l a t  t h a t  e x t e n d s  s e v e r a l  k i l o m e t e r s  i n t o  t h e  bay 
a t  low t i d e .  

The s p r i n g s  s i t e  i s  sur rounded  by numerous middens ,  some up t o  
2 m h i g h ,  c o n s i s t i n g  o f  s e a s h e l l s  and sea-mammal bones .  The middens 
and  a s s o c i a t e d  r e l i c t  d w e l l i n g s  have been u n e a r t h e d  and examined by 
a  team of  a r c h e o l o g i s t s  from Hokkaido U n i v e r s i t y ,  Sapporo,  Japan  
(Okada and Okada, 1980 ,  and p e r s .  comm.). The s i t e  has  been i n t e r m i t -  
t e n t l y  occup ied  f o r  a t  l e a s t  3 ,000  y r .  Other  a r c i l e o l o g i c a l  s i t e s  o c c u r  
i n  t h e  area, b u t  t h e  P o r t  Mol le r  h o t - s p r i n g s  s i t e  was by f a r  t h e  most 
d e n s e l y  u s e d .  

The s p r i n g s  s i t e  can  be  reached  by s m a l l  b o a t  o r  a i r c r a f t  from 
P o r t  MolLer. The beach n o r t h  of t h e  s p r i n g  s i t e  i s  w e l l  packed,  
a l l o w i n g  l a n d i n g  o f  bush a i r p l a n e s .  P o r t  M o l l e r  can be reached  by 
c h a r t e r  a i r  o r  b o a t  from Cold Bay, 170 km t o  t h e  s o u t h w e s t .  The l a n d s  
s u r r o u n d i n g  t h e  s i t e  have been s e l e c t e d  by t h e  l o c a l  n a t i v e  c o r p o r a t i o n  
under  t e r m s  of ANCSA. 

A summary o f  a n  e a r l y  v i s i t  t o  t h e  s p r i n g s  s i t e  i s  c o n t a i n e d  i n  
Waring (1917) .  More r e c e n t l y ,  P o r t  Mol le r  h o t  s p r i n g s  were  i n c l u d e d  i n  
a  s t u d y  o f  p o t e n t i a l  f i s h - h a t c h e r y  s i t e s  (Baker and o t h e r s ,  1 9 7 7 ) .  



F i g u r e  37 .  L o c a t i o n  map f o r  P o r t  Mol le r  hot  s p r i n g s .  



Geology 

Bedrock i n  t h e  a r e a  i n c l u d e s  Upper J u r a s s i c  and C r e t a c e o u s  s e d i -  
mentary  r o c k s  and T e r t i a r y  v o l c a n i c  and s e d i m e n t a r y  r o c k s  t h a t  form 
t h e  mounta ins  and beach c l i f f s  s o u t h  and wes t  of t h e  s i t e  (Burk,  1 9 6 5 ) .  
The s m a l l  bedrock  r i d g e  exposed e a s t  of t h e  s p r i n g s  c o n s i s t s  o f  f o s s i l i -  
f e r o u s  f e l d s p a t h i c  s a n d s t o n e s  and s h a l e s  o f  t h e  S t a n i u k o v i c h  Format ion ,  
which d i p  15O t o  20° t o  t h e  w e s t .  The f o r m a t i o n ,  which i s  Upper 
J u r a s s i c  t o  Lower C r e t a c e o u s ,  i s  a l s o  exposed on t h e  n o r t h  f l a n k  and 
kummit o f  S t a n i u k o v i c h  Mountain ,  where i t  i s  up t o  600, m t h i c k .  Smal l  
o u t c r o p s  o f  Upper C r e t a c e o u s  Herendeen Limestone,  c o n s i s t i n g  o f  c a l c a r -  
e o u s  f e l d s p a t h i c  s a n d s t o n e s ,  o c c u r  a t  t h e  b a s e  and f l a n k s  o f  S t a n i u k o v i c h  
Mountain and conformably o v e r l i e  t h e  S t a n i u k o v i c h  Format ion.  The shore -  
l i n e  wes t  o f  t h e  s p r i n g s  s i t e  c o n s i s t s  of t h e  upper  C r e t a c e o u s  Chign ik  
Format ion ,  a  s e r i e s  o f  c o a l - b e a r i n g  s a n d s t o n e s  and cong lomera tes  t h a t  
unconformably o v e r l i e s  t h e  r o c k s  o f  t h e  Herendeen Limestone.  

E a r l y  T e r t i a r y  v o l c a n i c  s a n d s t o n e s ,  f l o w s ,  c o n g l o m e r a t e s ,  and b l a c k  
s i l t s t o n e s  o f  t h e  T o l s t o i  Format ion c r o p  o u t  a l o n g  t h e  beach  s o u t h  of 
t h e  s p r i n g s .  These r o c k s  a r e  unconformably o v e r l a i n  by sha l low-d ipp ing  
P l i o c e n e  v o l c a n i c  r o c k s ,  f l o w s ,  and b r e c c i a  and a s s o c i a t e d  v e n t s  t h a t  
compr i se  t h e  e a s t  f l a n k  o f  S t a n u i k o v i c h  Mountain,  s o u t h  o f  t h e  s p r i n g s .  

The n e a r e s t  a c t i v e  v o l c a n o e s ,  Pavlof  and Veniaminof ,  l i e  a b o u t  
110 and 80 km from t h e  s i t e ,  r e s p e c t i v e l y .  M t .  Dana, a Q u a t e r n a r y  
v o l c a n o  l o c a t e d  45 km sou thwes t  of t h e  s i t e ' ,  h a s  had no r e c o r d e d  a c t i v i t y  
i n  r e c e n t  h i s t o r y .  

S ~ r i n g  c h a r a c t e r i s t i c s  

The h o t  s p r i n g s  o c c u r  a b o u t  midway up a  s h a l l o w  g u l l y  f l o o r e d  w i t h  
sandy s o i l .  The 0.5-km-long, 20-m-wide d e p r e s s i o n  s l o p e s  southward 
towards  a s m a l l  b i g h t  o f f  P o r t  M o l l e r  Bay. The t h e r m a l  w a t e r s  emerge 
i n t o  a s h a l l o w  muck-floored o v a l  p o o l ,  4 . 5  m l o n g  and 1 . 5  m wide o r i e n t e d  
E-W and  s e t  i n t o  t h e  sandy s o i l .  Waters  from t h e  p o o l  d r a i n  southward 
a l o n g s i d e  a  bedrock r i d g e  i n  a  c h a n n e l  l i n e d  w i t h  o range  b a c t e r i a  and 
b lue-green  a l g a e  m a t s .  The w a t e r s  p a s s  th rough  a  s e r i e s  o f  t e r r a c e d  
b a t h i n g  p o o l s  p a s t  a s m a l l  c a b i n  b e f o r e  e n t e r i n g  t h e  s m a l l  b i g h t  s o u t h  
o f  t h e  g u l l y .  Sea  s h e l l s  and r o c k s  i n  t h e  c h a n n e l  were  c o a t e d  w i t h  a  
v e n e e r  o f  y e l l o w i s h  f l a k y  m a t e r i a l  f o r  s e v e r a l  m e t e r s  downstream from 
t h e  s p r i n g  s o u r c e .  Vigorous  and c o n t i n u o u s  b u b b l i n g  o c c u r s  th roughout  
t h e  p o o l .  ~4axirnum t e m p e r a t u r e  w a s  7 1 . 3 ' ~ ;  t h e  f l o w  r a t e  measured i n  
t h e  o u t f l o w  c h a n n e l  was 52 lpm, s l i g h t l y  lower  t h a n  t h a t  measured by 
Baker and o t h e r s  (1977) .  



S e v e r a l  a d d i t i o n a l  s m a l l  warm s e e p s ,  a b o u t  20°c and accompanied 
by v i r g o r o u s  b u b b l i n g ,  o c c u r  on t h e  o p p o s i t e  s i d e  of  t h e  bedrock  
r i d g e ,  d i r e c t l y  e a s t  o f  t h e  p r i n c i p a l  h o t  s p r i n g .  The w a t e r s  i s - s u e  
a t  m i d t i d e  l e v e l  f rom a s m a l l  v e r t i c a l  f r a c t u r e .  

T a b l e  42  g i v e s  t h e  chemica l  c o m p o s i t i o n  and p h y s i c a l  p r o p e r t i e s  
o f  t h e r m a l  w a t e r s  o b t a i n e d  from t h e  p r i n c i p a l  h o t  p o o l .  The w a t e r s  
a r e  n o t a b l y  h i g h  i n  sodium, c a l c i u m ,  and c h l o r i d e  and low i n  b i c a r -  
b o n a t e  and s u l f a t e ,  though a  measurab le  q u a n t i t y  of  H2S w a s  found 
d i s s o l v e d  i n  t h e  w a t e r s .  The r e l a t i v e l y  h i g h  s a l i n i t y  of  t h e  w a t e r s  
and t h e  h i g h  bromide and s t r o n t i u m  l e v e l s  s u g g e s t  t h a t  a p o r t i o n  of  t h e  
t h e r m a l  w a t e r s  h a s  a s e a w a t e r  o r i g i n .  The v e r y  low l e v e l  of  magnesium 
i n d i c a t e s  l i t t l e  o r  no  n e a r - s u r f a c e  c o n t a m i n a t i o n  w i t h  c o l d  seawater. 

T a b l e  4 2 .  Chemical  c o m p o s i t i o n  and p h y s i c a l  p r o p e r t i e s  of  
P o r t  M o l l e r  h o t  s p r i n g s  

( a l l  chemica l  a n a l y s e s  i n  m g / l ) .  

R e s u l t  

pH, f i e l d  
D i s s o l v e d  s o l i d s  
Hardness  (mg/ l  CaC03) 
Sp conduc tance  (pmho/cm a t  25OC) 
T (OC) 
Flow rate (lpm) 
Da te  sampled 

T a b l e  43 g i v e s  t h e  chemica l  c o m p o s i t i o n  of  g a s e s  emerging from 
t h e  h o t - s p r i n g s  pool.. The g a s e s  a r e  n o t a b l y  r i c h  i n  methane,  which 
p r o b a b l y  o r i g i n a t e s  from o r g a n i c  m a t t e r  i n  t h e  S t a n i u k o v i c h  Format ion .  



Table 43. Analysis of gases obtained from 
Port Moller hot springs.a 

Volume percent 

aW.C. Evans, USGS, Menlo Park, Calif. 

Reservoir ~ro~erties 

Table 44 summarizes the application of silica and cation geo- 
thermometry to Port Moller hot springs. The Na-K-Ca ( 4 / 3 )  geothermo- 
meter temperature indicates that subsurface equilibration took place 
at temperatures be'low 1 0 0 ~ ~ .  For temperatures below 15O0c, dissolved 
silica may be equilibrating with either quartz or chalcedony (Fournier, 
1973). In estimating the reservoir temperature, the quartz-conductive 
temperature is taken as maximum, the chalcedony temperature as most 
likely, and the Na-K-Ca (4/3) as minimum: 

Min Max Most likely Mean - - - 
Subsurface T ( O C )  75 113 84 9 1 

Although the springs emerge at a high rate of discharge, the geo- 
thermometers are not much above surface temperature, which indicates 
the thermal waters probably cooled conductively on ascent. Although 
some mixing with cooler surface groundwaters cannot be dismissed because 
of the low Mg content of the thermal waters, surface seawater is 
unlikely to have contributed to such mixing. 

Comments 

Port Eloller hot springs probably result from the circulation of 
surface waters along deep-seated fractures in the host sedimentary 
rocks. Spring geochemistry suggests that part of the deep thermal 
waters may have had a seawater origin. If the waters are being heated 
solely by conduction from wall rocks, circulation depths must be about 
2 to 3 km, assuming geothermal gradients of 30 to 50°c/km. 



Table 44. Port Moller hot springs geothermometry 
(all temperatures in OC). 

Surface temperature 

Cation geothermometers 

Silica geothermometers 

Adiabatic 
Conductive 
Chalcedony 
Cristobalite 
Opal 

The low reservoir temperature and the remoteness of the site make 
the resource impractical for most geothermal applications except 
perhaps local space heating and recreation. 



MOTHER GOOSE HOT SPRINGS 

L a t i t u d e  57O10.8' N . ,  l o n g i t u d e  157°01.1'  W . ;  Ugashik A-4 1:63,360 
Quadrangle  (1963) ;  T. 35 S . ,  R .  48 W. 

Genera l  d e s c r i p t i o n  

Mother Goose h o t  s p r i n g s  a r e  found a t  t h e  n o r t h e r n  b a s e  o f  Mount 
Chig inagak  (2,225 m), a l a r g e  s t r a t o v o l c a n o  l o c a t e d  on t h e  Alaska  
P e n i n s u l a ,  sou thwes t  o f  Ugashik  Lakes and 25 km n o r t h  of t h e  P a c i f i c  
Ocean ( f i g .  32) .  The upper  s l o p e s  o f  t h e  vo lcano  a r e  mant led  w i t h  
g l a c i e r s  w i t h  tongues  d e s c e n d i n g  t o  e l e v a t i o n s  a s  low as 760 m .  The 
s p r i n g s  o c c u r  a l o n g  the sou thwes t  s i d e  o f  a  na r row f l a t - b o t t o m e d  v a l l e y  
formed by a t r i b u t a r y  o f  Volcano Creek n e a r  i t s  head ( f i g .  3 8 ) .  Volcano 
Creek i s  f e d  p r i m a r i l y  by snow and g l a c i a l  m e l t w a t e r s  o r i g i n a t i n g  on  
Mount Chig inagak  and f l o w s  westward 1 5  km i n t o  Mother Goose Lake. The 
f l o o r  o f  t h e  v a l l e y  o f  Volcano Creek h a s  a f l a t  f l o o d - p l a i n  r e l i e f  and 
widens  c o n s i d e r a b l e  as i t  n e a r s  Mother Goose Lake.  The e n t i r e  a r e a  l i e s  
between t h e  d r a i n a g e s  of t h e  King Salmon and Dog Salmon R i v e r s  on t h e  
Alaska  P e n i n s u l a ,  sou thwes t  o f  Ugashik Lakes .  

V i l l a g e s  n e a r e s t  t h e  s p r i n g s  a r e  Ugashik ,  44 km t o  t h e  n o r t h ,  and 
P i l o t  P o i n t ,  54 km t o  t h e  n o r t h w e s t .  The major  t r a n s p o r t a t i o n  c e n t e r  of 
King Salmon i s  175  km n o r t h - n o r t h e a s t ;  Di l l ingham i s  225 km due n o r t h .  
The s p r i n g s  a r e  remote  b u t  can  be  reached  by f l o a t  p l a n e  from King Salmon 
t o  any  o f  s e v e r a l  n e a r b y  l a k e s  and t h e n c e  o v e r l a n d  t o  t h e  s i t e .  Muskeg, 
g r a s s e s ,  and p a t c h e s  o f  a l d e r s  c o n s t i t u t e  t h e  dominant v e g e t a t i o n  o f  t h e  
v a l l e y s .  

Mother Goose h o t  s p r i n g s  were  i n v e s t i g a t e d  a s  a  p o s s i b l e  salmon 
h a t c h e r y  s i t e  (Baker and o t h e r s ,  1 9 7 7 ) ,  b u t  was r e j e c t e d  because  o f  i t s  
remote  l o c a t i o n ,  poor  s u r f i c i a l - w a t e r  q u a l i t y ,  and g e o l o g i c  h a z a r d s  
a s s o c i a t e d  w i t h  v o l c a n i c  e r u p t i o n s  and p o s s i b l e  p e r i o d i c  f l o o d i n g .  Koniag 
I n c . ,  o f  Kodiak,  Alaska  h a s  s e l e c t e d  l a n d s  a d j a c e n t  t o  t h e  s p r i n g  under  
p r o v i s i o n s  o f  ANCSA. The r e g i o n s  s u r r o u n d i n g  t h e  s p r i n g  s i t e  a r e  p a r t  of 
t h e  newly formed Alaska  P e n i n s u l a  N a t i o n a l  W i l d l i f e  Range. 

l lount Chig inagak  i s  p a r t  o f  t h e  A l e u t i a n  a r c  o f  a c t i v e  vo lcan i sm.  
The s t r a t o v o l c a n o  i s  composed mainly  of Q u a t e r n a r , ~  i n t e r b e d d e d  b a s a l t i c  
and a n d e s i t i c  f l o w s  w i t h  a s s o c i a t e d  p y r o c l a s t i c  m a t e r i a l  (Burk,  1 9 6 5 ) .  
T e r t i a r y  v o l c a n i c s  a r e  exposed on r i d g e s  and mountains  e a s t  and wes t  o f  
t h e  v o l c a n o  and may u n d e r l i e  t h e  Qua te rnary  sequence  o f  M t .  Ch ig inagak .  
Outc rops  o f  v o l c a n i c  r o c k s  exposed i n  t h e  v i c i n i t y  of t h e  t h e r m a l  s p r i n g s  



F i g u r e  38. L o c a t i o n  map f o r  Mother Goose ho t  s p r i n g s .  



a t  t h e  b a s e  o f  t h e  v o l c a n o  a r e  s l i g h t l y  a l t e r e d  p o r p h y r i t i c  a n d e s i t i c  
b a s a l t s  c o n t a i n i n g  p h e n o c r y s t s  of h o r n b l e n d e ,  c l i n o p y r o x e n e ,  and l a b r a -  
d o r i t e .  The a g e  of t h e s e  v o l c a n i c s  i s  n o t  clear b u t  t h e y  may be  r e l a t e d  
t o  t h e  o l d e r  T e r t i a r y  v o l c a n i c s  i n  t h e  area. 

The Mother Goose t h e r m a l  s p r i n g s  o c c u r  n e a r  t h e  c o n t a c t  between t h e  
v o l c a n i c s  o f  Mount Chiginagak and t h e  u n d e r l y i n g  f o s s i l i f e r o u s  f e l d s p a -  
t h i c  s a n d s t o n e s  of t h e  lower  C r e t a c e o u s  S t a n i u k o v i c h  Format ion.  C o l l u v i a l  
s e d i m e n t s  from which t h e  s p r i n g s  emerge c o v e r  t h e  e x a c t  l o c a t i o n  of t h e  
c o n t a c t  i n  t h i s  v i c i n i t y .  The Upper J u r a s s i c  Naknek Format ion ,  which 
conformably u n d e r l i e s  t h e  S t a n i u k o v i c h  Format ion ,  i s  exposed i n  t h e  v a l l e y  
w a l l  a c r o s s  Volcano Creek from t h e  s p r i n g s  s i t e .  The Naknek Format ion 
c o n s i s t s  o f  a r k o s i c  and f e l d s p a t h i c  s a n d s t o n e s  and s i L t s t o n e s  and l o c a l l y  
abundan t  c o n g l o m e r a t e s .  

There  have been a t  l e a s t  two r e p o r t e d  e r u p t i o n s  o f  Mount Chiginagak 
s i n c e  1760 ( C o a t s ,  1 9 5 0 ) .  An a r e a  o f  f u m a r o l i c  a c t i v i t y  p e r s i s t s  on t h e  
east f l a n k  o f  t h e  v o l c a n o  n e a r  t h e  summit (Baker and o t h e r s ,  1 9 7 7 ) .  

The upper  r e a c h e s  o f  Volcano Creek a r e  i n c i s e d  i n t o  t h e  f l a n k s  of 
Mount Chig inagak  and i t s  v a l l e y  i s  f l o o r e d  w i t h  f l u v i a l  and c o l l u v i a l  
d e p o s i t s .  A w h i t i s h  d e p o s i t  c o a t s  t h e  b o u l d e r s  i n  t h e  c h a n n e l s  o f  upper 
Volcano Creek and  may be  due  t o  m i n e r a l i z e d  w a t e r s  i s s u i n g  from t h e  b a s e  
o f  t h e  v o l c a n o .  

S p r i n g  c h a r a c t e r i s t i c s  

Two a r e a s  o f  t h e r m a l - s p r i n g  a c t i v i t y ,  a b o u t  1 km a p a r t ,  o c c u r  a t  
t h e  n o r t h w e s t  b a s e  o f  Mount Chiginagak s o u t h  o f  upper  Volcano Creek 
( f i g .  3 9 ) .  The l a r g e r  and more w e s t e r l y  of t h e  two a r e a s  c o n s i s t s  of 
a  s e r i e s  o f  t h e r m a l  s p r i n g s  t h a t  emerge from c o l l u v i a l  d e b r i s  cemented 
by t r a v e r t i n e ,  l o c a t e d  a t  and j u s t  above t h e  b a s e  of t h e  s o u t h  
v a l l e y  s l o p e .  Most o f  t h e  h o t  s p r i n g s  a t  t h e  s i t e  i s s u e  from f i s s u r e s  
and s e e p s  a l o n g  t h e  s o u t h  bank of  a small t r i b u t a r y  s t r e a m  t h a t  f l o w s  
f o r  300 t o  400 m a t  t h e  b a s e  o f  t h e  s l o p e  b e f o r e  e n t e r i n g  Volcano Creek 
( f i g .  39) .  The most c o n s p i c u o u s  of t h e s e  s p r i n g s  d i s c h a r g e s  from a 
30-cm-dia h o l e  i n  t h e  cemented stream-bank s e d i m e n t s  l o c a t e d  j u s t  above 
s t r e a m  l e v e l .  Thermal w a t e r s  pour  from t h e  v e n t  i n  a  t o r r e n t  o f  6 6 O ~  
w a t e r  a t  a  v i s u a l l y  e s t i m a t e d  r a t e  o f  o v e r  400 lpm. Numerous o t h e r  b u t  
much s m a l l e r  o r i f i c e s  o c c u r  a l o n g  t h e  e n t i r e  l e n g t h  of t h i s  s m a l l  s t r e a m ,  
and r a n g e  from 37O t o  63OC. 

Temperature  a t  t h e  e a s t e r n  head o f  t h e  t r i b u t a r y  measured 15OC. 
S t ream t e m p e r a t u r e  above t h e  main s e r i e s  o f  the rmal  s p r i n g s  was 3 6 O ~  and 
t o t a l  f l o w  w a s  measured a t  676 lpm. J u s t  below t h e  main s p r i n g  1IG1, t h e  
s t r e a m  had a  measured f l o w  o f  2 ,570  lpm and a  t e m p e r a t u r e  of 50°C. A t  
t h e  p o i n t  where t h e  s m a l l  s t r e a m  j o i n s  Volcano Creek i t s  t e m p e r a t u r e  i s  
4 5 O ~  w i t h  a  measured f l o w  of 6 ,100  lpm. T h i s  tremendous f l u x  of the rmal  
w a t e r  d i s c h a r g i n g  i n t o  Volcano Creek i s  much t o o  h i g h  t o  be accounted  





for simply by flow from the visible thermal spring orifices; a consid- 

erable addition of thermal water must occur below stream level along the 
course of the tributary stream. The heat flux represented by this dis- 
charge of thermal waters referenced to Volcano Creek water temperature 
of g°C is approximately 4 MW. 

Two additional thermal-spring areas occur on a small knoll that 
rises 15 to 20 m above the tributary stream (fig. 39). PIG3 consists of 
a series of small springs that emerge at a temperature of 60°c from the 
upper part of an extensive travertine terrace. Spring discharge is 
quite low, visually estimated at about 30 lpm. The large terrace suggests 
that flow may have been much greater in the past. 

Thermal spring MG4 discharges at a temperature of 6 4 O ~  directly 
into a 15OC cold-spring channel at a small waterfall that marks an 
abrupt break in slope. The hot waters were observed to emanate from 
the contact zone between a 1-m-thick surficial soil cover and underlying 
cemented debris. Thermal waters at temperatures of 60' to 650C continue 
to discharge into the spring channel for 50 to 60 m downslope before the 
stream fans out onto a broad apron of travertine deposits that is inter- 
mittently covered with vegetation. A flow measurement of 980 lpm was 
obtained in the single drainage channel above the apron. Below the apron 
the waters reenter the ground and drain through porous soils into the 
tributary stream. 

The other area of thermal-spring activity occurs 1-km farther east 
along Volcano Creek and was only briefly examined. The site consists of 
several pools and springs that range from 20' to 55'~. The thermal waters 
emerge from lushly vegetated soil that overlies what appears to be an old 
gravel bar of Volcano Creek located at the base of the valley slopes. A 
few of the spring vents have associated travertine deposits. 

Table 45 gives the chemical composition and physical properties of 
thermal waters obtained from spring 1IG1. The DGGS analysis of these 
waters is similar in all respects to a previous USGS analysis of Mother 
Goose thermal waters. The spring temperature reported by USGS, however, 
was several degrees lower than that measured by DGGS for spring 1IG1, 
indicating that either the USGS sampled a different, more dilute spring 
or that M G 1  itself may have been more dilute in 1973. 

The Mother Goose thermal waters are characterized by two seemingly 
contradictory subsurface chemical indicators. The very high level of 
silica and the comparatively low Na:K ratio suggests that at least part 
of the spring waters originate from a high-temperature reservoir. In 
contrast, the presence of magnesium and the comparatively high level 
of magnesium and calcium indicate that much of the spring water must 
originate from a relatively low-temperature environment. 



T a b l e  45.  Chemica l . compos i t ion  and p h y s i c a l  p r o p e r t i e s  o f  
Mother Goose h o t  s p r i n g ,  M G l  

( a l l  chemica l  a n a l y s e s  i n  m g / l ) .  

S p r i n g  M G 1  

F 
B r  
I 
B 

H2S 
S r 
pH, f i e l d  
Disso lved  s o l i d s  
Hardness  (mg/ l  CaC03) 
Sp conduc tance  (pmho/cm a t  2 5 ' ~ )  
T  (OC) 
Flow r a t e  (lpm) 
Date sampled 

The f u m a r o l e s  on t h e  e a s t  f l a n k  o f  t h e  mountain a r e  e v i d e n c e  f o r  
t h e  p a s s a g e  o f  s t eam th rough  t h e  i n t e r i o r  o f  t h e  v o l c a n o ,  a t  l e a s t  a t  
i t s  upper  l e v e l s .  Condensat ion of v o l c a n i c  s t eam and o x i d a t i o n  of H2S 
and C02 i n  i n f i l t r a t i n g  c o l d  s u r f a c e  w a t e r s  would r e s u l t  i n  t h e  forma- 
t i o n  of b i c a r b o n a t e - s u l f a t e - r i c h  w a t e r s  a t  s h a l l o w  s u b s u r f a c e  l e v e l s .  
The r e s u l t i n g  r e l a t i v e l y  c o o l  w a t e r s  might t h e n  d r a i n  th rough  v o l c a n i c  
f l o w s ,  d i s s o l v i n g  Mg and Ca a l o n g  t h e  way. A s  t h e s e  Mg-rich b i c a r b o n a t e -  
s u l f a t e  w a t e r s  m i g r a t e  t o  t h e  b a s e  o f  t h e  v o l c a n i c  sequence t h e y  may have 
i n t e r c e p t e d  a h igh- tempera tu re  s t r e a m  of  c h l o r i d e -  and s i l i c a -  
r i c h  deep  geo thermal  w a t e r s .  The r e s u l t i n g  m i x t u r e  of such  w a t e r s  
d r a i n i n g  th rough  t h e  r e l a t i v e l y  permeable  u n d e r l y i n g  s a n d s t o n e  f o r m a t i o n s  
and would t h e n  emerge from b e n e a t h  t h e  v o l c a n i c  f lows  as the rmal  s p r i n g s  
a t  t h e  b a s e  o f  t h e  vo lcano .  A s i t u a t i o n  s i m i l a r  t o  t h e  f o r g o i n g  h y p o t h e s i s  
h a s  been demons t ra ted  t o  e x i s t  a t  Hakone volcano i n  Japan  (Oki and Hi rano ,  
1970) . 



Reservoir properties 

Table 46 summarizes the application of silica and cation geother- 
mometry to spring I4G1 of Mother Goose hot springs. A sulfate-water 
oxygen-isotope geothermometer is also available from an earlier USGS 
analysis. Because of the puzzling chemistry of the thermal spring 
waters, interpretation of the various geothermometers is problematic. 
The level of magnesium in the waters renders the use of cation geother- 
mometers uncertain and ambiguous. Although the high-silica content of 
the waters indicates the presence of a high-temperature source near 1750 
to 195'~, the silica concentration is nearly the equilibrium level 
for amorphous silica at the spring orifice temperature, This suggests 
that silica could have been equilibrated by the passage of relatively 
cool waters through highly silicified strata. The sulfate geothermometer 
also suggests a relatively low reservoir temperature. However, the 
derived sulfate temperatures may merely reflect the temperature of 
sulfate formation at shallow levels rather than be representative of deep 
reservoir temperatures. 

Table 46. Mother Goose hot springs geothermometry 
(all temperatures in OC) . 

Surface temperature 66 .O 

Cation geothermometers 

Silica geothermometers 

Adiabatic 
Conductive 
Chalcedony 
Cristobalite 
Opal 

Sulfate-water oxygen-isotope geothermometera 

aFrom Nehring and others, 1980, erroneously listed as 
"Indecision Creek." Temperature estimates are based 
on three different end-member cases of water cooling 
as discussed on page 26. 



The h i g h  c h l o r i d e  c o n t e n t  of t h e  w a t e r s  a rgues  f o r  t h e  e x i s t e n c e  of a  
d e e p e r  h igh- tempera tu re  r e s e r v o i r .  On t h e  b a s i s  of t h e  c h l o r i d e  l e v e l  and 
s i l i c a  c o n t e n t  of t h e  w a t e r s ,  t h e  d e e p - r e s e r v o i r  t e m p e r a t u r e  i s  e s t i m a t e d  
t o  exceed 1 5 0 " ~ .  Even i f  t h e  thermal  s p r i n g  w a t e r s  a r e  e x c l u s i v e l y  
d e r i v e d  from s h a l l o w  warm-water r e s e r v o i r s ,  the  r e s e r v o i r  p robab ly  e x i s t s  
because  of  h e a t  d e r i v e d  from c o n d e n s a t i o n  of s team r i s i n g  from a  high-  
t e m p e r a t u r e  r e s e r v o i r  deeper  i n  t h e  v o l c a n i c  sys tem.  

Comments 

Mother Goose h o t  s p r i n g s  a r e  d i s t i n g u i s h e d  from o t h e r  thermal  s p r i n g  
sys tems i n  t h e  A l e u t i a n  a r c  by t h e i r  enormous r a t e  of d i s c h a r g e  and by 
t h e i r  p u z z l i n g  thermal-water  c h e m i s t r y .  These w a t e r s  a r e  s i m u l t a n e o u s l y  
r i c h  i n  bo th  magnesium and s i l i c a ,  c o n s t i t u e n t s  t h a t  a r e  i n d i c a t i v e  of  
co ld -  wnd hot-water  env i ronments ,  r e s p e c t i v e 1  y. The g e o l o g i c  s e t t i n g  and 
c h e m i s t r y  of  t h e  Mother Goose hot  s p r i n g s  a r e  analogous  t o  s p r i n g  sys tems 
t h a t  occur  a t  t h e  base  of Hakone Volcano i n  J a p a n  ( 0 k i  and H i r a n o ,  1 9 7 0 ) .  
The Hakone s p r i n g  sys tems have been shown t o  be d e r i v e d  from the  mixing of 
r e l a t i v e l y  coo l  w a t e r s  from s h a l l o w  r e s e r v o i r s  wi th  h igh- tempera tu re  
s i l i c a -  and c h l o r i t e - r i c h  w a t e r s  a scend ing  from a  deep the rmal  r e s e r v o i r .  

D e s p i t e  t h e  ambigu i ty  i n  app ly ing  t h e  Mother Goose geothermometers ,  
t h e  o c c u r r e n c e  of fumarol i c  a c t i v i t y  nea r  the  summit ofi- the  vo lcano  
i n d i c a t e s  t h e  e x i s t e n c e  of a  deep thermal  r e s e r v o i r  i n  excess  of 1 5 0 " ~ .  
The Mother Goose h o t  s p r i n g s  a r e  remote and p robab ly  a r e  not  ~ r a c t i c a l  t o  
d e v e l o p  f o r  t h e  f o r e s e e a b l e  f u t u r e .  However, t h e  s p r i n g  sys tem remains  
one of  t h e  more i n t e r e s t i n g  ones  i n  Alaska .  



OTHER THENIAL SPRING SITES 

The 1980 DGGS i n v e s t i g a t i o n  o f  t h e r m a l - s p r i n g  s i t e s  i n  t h e  s t u d y  
area e x t e n d i n g  from Atka I s l a n d  t o  Becherof Lake was by no means 
e x h a u s t i v e .  S e v e r a l  o t h e r  t h e r m a l  a r e a s  have been r e p o r t e d  i n  t h i s  
r e g i o n  i n  a d d i t i o n  t~ t h o s e  d e s c r i b e d  h e r e i n  ( f i g .  1). These a d d i -  
t i o n a l  s i tes  f a l l  i n t o  t h r e e  c a t e g o r i e s :  a )  s i t e s  v i s i t e d  by DGGS 
a t  which t h e r m a l  a c t i v i t y  e i t h e r  c o u l d  n o t  be found o r  t h e  a c t i v i t y  had 
s u b s t a n t i a l l y  d i m i n i s h e d  (Bogoslof I s l a n d ,  Mount P e u l i k ,  and Ukinrek 
m a r s ) ,  b)  sites n o t  v i s i t e d  by DGGS b e c a u s e  o f  t ime  c o n s t r a i n t s  
o r  r emoteness  b u t  w i t h i n  which,  based  on t h e  a c c u r a c y  o f  p r e v i o u s  
r e p o r t s ,  t h e r m a l  a c t i v i t y  i s  c o n s i d e r e d  c e r t a i n  o r  a t  l e a s t  p r o b a b l e  
(Atka n o r t h ,  Sequam, Chuginadak, Kagamil,  Okmok, Unimak, P a v l o f ,  
S u r p r i s e  Lake,  and Gas Rocks)> c )  si;es n o t  v i s i t e d  by DGGS a b o u t  which 
no c o r r o b o r a t i v e  i n f o r m a t i o n  c o u l d  be  found and t h e  e x i s t e n c e  o f  any  
t h e r m a l - s p r i n g  a c t i v i t y  i n  t h e  area i s  q u e s t i o n e d  (Atka w e s t ,  Akun, 
Amagat I s l a n d ,  F r o s t y  Peak,  Balboa Bay, and Stepovak Bay).  

S i t e s  V i s i t e d ,  Thermal A c t i v i t y  Not Found o r  Diminished 

Bogoslof I s l a n d  

The l i s t i n g  o f  t h i s  s i t e  i n  t h e  c o m p i l a t i o n s  of M i l l e r  (1973) and 
l l a r k l e  (1980) i s  based on War ing ' s  1917 a c c o u n t ,  which d e s c r i b e d  t h e  
o c c u r r e n c e  o f  small t h e r m a l  s p r i n g s  a t  t h e  b a s e  o f  t h e  v o l c a n i c  i s l a n d .  
Bogoslof i s  a r e c e n t l y  c o n s t r u c t e d  v o l c a n i c  i s l a n d  t h a t  l i e s  i n  t h e  
Ber ing  Sea a b o u t  50 km n o r t h  o f  Umnak I s l a n d  and t h e  main a x i s  of 
A l e u t i a n  v o l c a n i s m  ( f i g .  1 ) .  The i s l a n d  owes i t s  e x i s t e n c e  t o  a  
s e r i e s  o f  v o l c a n i c  e r u p t i o n s  commencing i n  1796.  D e t a i l s  of t h e  
geo logy  and v o l c a n i c  e v o l u t i o n  o f  t h e  i s l a n d  a r e  g i v e n  i n  Byers  (1959) .  
Much o f  t h e  i s l a n d  w a s  b l a n k e t e d  by a  s e r i e s  of t e p h r a  l a y e r s  d e p o s i t e d  
d u r i n g  e r u p t i o n s  i n  1926 and 1927.  A 0.5-km-dia b a s a l t i c  dome emplaced 
i n  1927 now o c c u p i e s  t h e  n o r t h w e s t  end of t h e  i s l a n d .  Byers d i d  n o t  
r e p o r t  any  t h e r m a l  a c t i v i t y  on t h e  i s l a n d  and t h e  v o l c a n i c  dome must 
have c o o l e d  r a p i d l y .  A b r i e f  r e c o n n a i s s a n c e  o f  t h e  i s l a n d  by DGGS i n  
1980 found no s i g n s  o f  s u r f a c e  t h e r m a l  a n o m a l i e s ,  h o t  s p r i n g s ,  o r  s team 
v e n t s ,  and t h e  s i t e  i s  c o n s i d e r e d  i n a c t i v e .  The c r a g g y  s u r f a c e  of t h e  
dome and t h e  s t e e p  beach c l i f f s  have become a popula r  n e s t i n g  a r e a  f o r  
a  huge p o p u l a t i o n  o f  p u f f i n s ,  m u r r e s ,  and g u l l s .  The i s l a n d  l i e s  w i t h i n  
t h e  A l e u t i a n  W i l d l i f e  Refuge.  

Mount P e u l i k  

Waring (1917) r e p o r t e d  a  t h e r m a l - s p r i n g  s i t e  n e a r  Elount P e u l i k  
(1 ,600 m). The s i t e  i s  p l o t t e d  on t h e  s o u t h  f l a n k  of P e u l i k  Volcano 
i n  Miller's 1 9 7 3  c o m p i l a t i o n  o f  Alaskan h o t  s p r i n g s .  A s e r i e s  of  



s p r i n g s  d r a i n i n g  i n t o  "Hot S p r i n g s  Creek ,"  a stream t h a t  d r a i n s  t h e  
s o u t h  f l a n k  o f  P e u l i k  (Ugashik C-2 1 :63,360 Quadrangle ,  1951) were 
i n v e s t i g a t e d  by DGGS. The s p r i n g s  were found t o  be c o l d ,  h i g h l y  
m i n e r a l i z e d  w a t e r s  t h a t  d r a i n  from t h e  b a s e  o f  a l a r g e  r e c e n t  v o l c a n i c  
cone t h a t  i s  s e t  i n  t h e  midd le  of t h e  P e u l i k  c a l d e r a .  The cone may 
have been a s s o c i a t e d  w i t h  a  major  e r u p t i o n  r e p o r t e d  t o  have o c c u r r e d  
i n  1814 ( C o a t s ,  1 9 5 0 ) .  The s p r i n g s  were undoubtedly  w a r m  a t  one t ime .  
F o s s i l  hydro thermal  mounds and s i n t e r  cones  o c c u r  a t  lower  e l e v a t i o n s  
on  t h e  s o u t h  f l a n k  of t h e  mounta in ,  b u t  t h e r e  a r e  no a s s o c i a t e d  t h e r m a l  
s p r i n g s  n e a r b y .  

Ukinrek maars  

Two e x p l o s i o n  c r a t e r s ,  l o c a t e d  a b o u t  2 km s o u t h  o f  Becherof Lake,  
were formed i n  t h e  s p r i n g  o f  1977 d u r i n g  a  s e r i e s  of phreatomagmatic 
e r u p t i o n s  d e s c r i b e d  by K i e n l e  and o t h e r s  (1978) .  Waters a t  t h e  f l o o r  
o f  the west maar had coo led  c o n s i d e r a b l y  from 81°c i n  1977 t o  l l O c  i n  
1980.  The c r a t e r  l a k e  i n  t h e  e a s t  maar appeared  c o l d ;  t h e  l a k e  w a t e r s  
were  n o t  sampled because  o f  t h e  t r e a c h e r o u s  c r a t e r  embankment. 

S i t e s  Not V i s i t e d ,  Thermal A c t i v i t y  P r o b a b l e  o r  C e r t a i n  

Atka North  

Located 4 km n o r t h  of t h e  Korovin the rmal  a r e a  on n o r t h e a s t  Atka 
I s l a n d ,  t h i s  s i t e  was r e p o r t e d  t o  B .  Marsh ( p e r s .  comm.) and t e n t a t i v e l y  
i d e n t i f i e d  on aer ia l  pho tos  b u t  a f i e l d  c o n f i r m a t i o n  was n o t  made. 

Seguam 

T h i s  s i t e ,  l o c a t e d  100 km n o r t h e a s t  of Atka I s l a n d  i s  a  remote  
i s l a n d  w i t h  a n  a c t i v e  v o l c a n o .  On t l ie b a s i s  o f  e a r l i e r  R u s s i a n  a c c o u n t s ,  
Waring (1917) r e p o r t e d  t h e r m a l - s p r i n g  and mudpot a c t i v i t y .  Coa t s  (1950) 
l i s t s  a  major  e r u p t i o n  on t h e  i s l a n d  i n  1902 and minor a c t i v i t y  i n  1927. 
Seguam i s  i n c l u d e d  w i t h i n  t h e  A l e u t i a n  N a t i o n a l  W i l d l i f e  Refuge.  

Chuginadak 

Chuginadak i s  l o c a t e d  i n  t h e  I s l a n d s  of Four Mountains soutl lwest  of 
Umnak I s l a n d .  Waring (1917) ,  on t h e  b a s i s  of e a r l i e r  Russ ian  a c c o u n t s ,  
l i s t e d  h o t - s p r i n g  a c t i v i t y  a t  t h e  b a s e  of t h e  vo lcano  on Chuginadak. The 
i s l a n d  i s  w i t h i n  t h e  A l e u t i a n  N a t i o n a l  W i l d l i f e  Refuge.  



Also  l o c a t e d  i n  t h e  I s l a n d s  o f  Four  l f o u n t a i n s  is Kagamil. Hot 
g a s e s  were r e p o r t e d  by Waring (1917) .  During a n  a r c h e o l o g i c a l  exped i -  
t i o n  i n  1936 H r d l i c k a  (1945) observed  s team j e t s ,  warm c a v e s ,  and 
s teaming  beach  a r e a s  on t h e  s o u t h  s i d e  o f  t h e  i s l a n d .  The i s l a n d  l i e s  
w i t h i n  t h e  A l e u t i a n  N a t i o n a l  W i l d l i f e  Refuge.  

Okmok i s  a n  a c t i v e ,  l a r g e  s h i e l d  v o l c a n o  l o c a t e d  on t h e  n o r t h e a s t  
s i d e  o f  Umnak I s l a n d .  Thermal s p r i n g s  and f u m a r o l i c  a c t i v i t y  w i t h i n  
t h e  c a l d e r a  a r e  d e s c r i b e d  by Byers  and Brannock (1949) .  New l a v a s  
e r u p t e d  s i n c e  1946 have covered  much of  t h e  c a l d e r a  f l o o r .  A l a r g e ,  
h i g h l y  p r e s s u r i z e d  s team v e n t  w i t h  vapor  plumes r i s i n g  s e v e r a l  hundred 
m e t e r s  i n t o  t h e  a i r  i s  l o c a t e d  i n  t h e  w e s t  p a r t  o f  t h e  c a l d e r a  ( C .  Nye, 
p e r s .  c o r n . ) .  

Unimak 

The l a r g e s t  of t h e  A l e u t i a n  I s l a n d s ,  Unimak i s  l o c a t e d  d i r e c t l y  
sou thwes t  o f  t h e  Alaska P e n i n s u l a .  Most o f  t h e  i s l a n d  i s  i n c l u d e d  i n  
t h e  Izembek W i l d l i f e  Refuge.  S e v e r a l  l a r g e  s t r a t o v o l c a n o e s  o c c u r  on 
t h e  i s l a n d ,  i n c l u d i n g  t h e  h i g h l y  a c t i v e  and p i c t u r e s q u e  S h i s h a l d i n  
Volcano. Waring (1917) r e p o r t e d  h o t  s p r i n g s  i n  a marshy a r e a  a t  t h e  
n o r t h e r n  b a s e  of Pogromni Volcano. Another  s m a l l  warm s p r i n g  on Unimak 
was r e p o r t e d  by a  r e s i d e n t  o f  F a l s e  P a s s  v i l l a g e  t o  be l o c a t e d  a t  a n  
e l e v a t i o n  o f  a b o u t  600 m ,  a b o u t  2 km wes t  o f  t h e  v i l l a g e .  

Pav lof  

An a c t i v e  v o l c a n o  l o c a t e d  on t h e  Alaska  P e n i n s u l a  d i r e c t l y  wes t  
o f  Pav lof  Bay. Pav lof  h a s  e r u p t e d  numerous t i m e s  i n  t h e  p a s t  decade .  
Fumarol ic  a c t i v i t y  was observed  n e a r  t h e  summit d u r i n g  a n  o v e r f l i g h t  
by DGGS i n  August 1980.  The v o l c a n o  s u b s e q u e n t l y  e r u p t e d  i n  November 
1980 .  

S u r p r i s e  Lake 

T h i s  s i t e  i s  a  warm c r a t e r  l a k e  w i t h i n  Aniakchak c a l d e r a  which i s  
i n c l u d e d  i n  t h e  Aniakchak N a t i o n a l  Ilonument. A s t u d y  of t h e  c a l d e r a  
and t h e r m a l - s p r i n g  w a t e r s  was made by T. M i l l e r  and I .  Barnes o f  t h e  
U.S. G e o l o g i c a l  Survey (unpub. d a t a ) .  



Gas Rocks 

T h i s  h o t  s p r i n g  i s  r e p o r t e d  by Barnes  and McCoy (1979) a s  l o c a t e d  on 
t h e  s o u t h  s h o r e  o f  Becherof Lake a t  t h e  b a s e  of G a s  Rocks. The the rmal  
s p r i n g  i s  thought  t o  have formed i n  c o n j u n c t i o n  w i t h  t h e  r e c e n t  e r u p t i v e  
a c t i v i t y  a t  Ukinrek Maars, 2 km t o  t h e  s o u t h .  The the rmal  w a t e r s  were 
r e p o r t e d  t o  i s s u e  a t  5 3 ' ~  and a r e  h i g h l y  c o n c e n t r a t e d  i n  sodium and 
c h l o r i d e .  The s p r i n g  c o u l d  n o t  be l o c a t e d  d u r i n g  a  b r i e f  r e c o n n a i s s a n c e  
i n  1980. 

S i t e s  Not V i s i t e d ,  E x i s t e n c e  o f  Thermal A c t i v i t y  Quest ioned 

Atka wes t  

T h i s  s i t e  i s  l i s t e d  by Waring (1917) and i n  t h e  c o m p i l a t i o n s  of 
Miller (1973) and Markle (1980) .  Waring based h i s  r e p o r t  on vague 
e a r l i e r  R u s s i a n  a c c o u n t s .  Loca l  i n h a b i t a n t s  knew of no the rmal - spr ing  
a r e a  w e s t  o f  t h e i r  v i l l a g e ,  and t h e  s i t e  i s  presumed t o  be one of t h o s e  
t h a t  o c c u r  on n o r t h e a s t  Atka.  

Akun 

On t h e  b a s i s  of e a r l i e r  a c c o u n t s  o f  Grewingk (1850) and D a l l  (1870) ,  
Waring (1917) l i s t e d  two t h e r m a l - s p r i n g  s i t e s  i n  t h i s  a r e a ,  one o c c u r r i n g  
on t h e  n o r t h w e s t  s i d e  of t h e  i s l a n d ,  the o t h e r  on t h e  s o u t h e a s t  s i d e .  
The o n l y  the rmal - spr ing  s i t e  on o r  around Akun known t o  Akutan v i l l a g e r s  
i s  t h e  s i t e  d i s c u s s e d  on p. 106 of t h i s  r e p o r t .  Mild s o l f a t a r a  a c t i v i t y  
n e a r  t h e  summit o f  Mount G i l b e r t ,  a  vo lcano  on t h e  n o r t h e r n  p a r t  o f  t h e  
i s l a n d ,  i s  d e s c r i b e d  by I'faddren (1919) ,  b u t  t h i s  a c t i v i t y  a p p a r e n t l y  
c e a s e d  by 1945 (Byers  and E a r t h ,  1 9 5 3 ) .  The the rmal  s p r i n g s  l i s t e d  a s  
o c c u r r i n g  on Rootak I s l a n d  s o u t h  o f  Akun I s l a n d  i n  M a r b l e ' s  1980 
c o m p i l a t i o n  p r o b a b l y  do n o t  e x i s t .  

Amagat I s l a n d  

On t h e  b a s i s  o f  ~ r e w i n g k ' s  (1850) a c c o u n t  o f  h o t  s p r i n g s  on a  l i t t l e  
i s l a n d  a t  t h e  e n t r a n c e  of Morzhovoi Bay, Waring (1917) p l a c e d  t h e  s i t e  on 
Amagat I s l a n d .  The s i t e  i s  probab ly  a c t u a l l y  t h e  one l o c a t e d  on Egg 
I s l a n d .  

F r o s t y  Peak 

M i l l e r  (1973) l i s t s  a t h e r m a l - s p r i n g  s i t e  a s  o c c u r r i n g  n e a r  F r o s t y  
Peak and l i s t s  Waring (1917) a s  a  r e f e r e n c e .  No r e f e r e n c e  t o  t h i s  s i t e  
cou ld  be found i n  Waring (1917) by  DGGS and l o c a l  i n h a b i t a n t s  knew of 
no the rmal  s p r i n g s  o c c u r r i n g  i n  t h e  g e n e r a l  l o c a t i o n  g i v e n  i n  
Miller (1973) .  The e x i s t e n c e  of t h e s e  s p r i n g s  i s  c o n s i d e r e d  doubt-  
f u l .  



Balboa Bay, Stepovak Bay, and  P o r t  Heiden 

Vague a c c o u n t s  p e r t a i n i n g  t o  t h e  e x i s t e n c e  o f  t h e r m a l  s p r i n g s  
i n  t h e s e  t h r e e  g e n e r a l  a r e a s  were  g i v e n  by Waring (1917) who was i n  
t u r n  r e f e r e n c e d  by M i l l e r  (1973) and Markle  (1980) .  Loca l  i n h a b i -  
t a n t s  c o u l d  n o t  c o n f i r m  t h e  e x i s t e n c e  o f  s p r i n g s  i n  any o f  t h e s e  
t h r e e  a r e a s ;  no the rmal  s p r i n g s  were  s i g h t e d  d u r i n g  a n  aerial recon-  
n a i s s a n c e  of  t h e s e  l o c a l i t i e s  by DGGS i n  1980. 



Three conditions have provided a favorable setting for the 
development of hydrothermal convective systems in the Aleutian arc: 
(a) active volcanic systems, (b) the likelihood of shallow, magmati- 
cally heated rocks and (c) deep, penetrating fracture systems created 
by major tectonic stresses. Over 30 thermal-spring areas have been 
reported to exist in the region of the Aleutian arc extending from 
Atka Island to Becherof Lake, the area of study of this report. The 
locations of these sites are shown in figure 1. During July and August 
of 1980 DGGS performed field investigations on 20 of these reported sites, 
many of which had not been previously described in the literature. A 
summary of 17 of these sites is provided in tables 46-49. 

Thermal activity of the three other sites visited by DGGS either 
had diminished substantially or no longer existed (Ukinrek, Bogoslof, 
and Peulik). At least seven additional sites occur in the study area 
at which thermal-spring activity is probable or certain but were not 
visited by DGGS because of their remoteness or because of time con- 
straints. The existence of several other reported thermal-spring sites 
could not be verified; rhese sites are considered questionable. 

Subsurface reservoir temperatures in excess of 150°C are estimated 
for 10 of the thermal-spring sites investigated (tables 47 and 4 8 ) .  
These sites all occur in or near ( < I 5  km) regions of Recent volcanism. 
Five of the sites are characterized by fumaroles and steaming ground, 
which indicates the presence of at least a shallow vapor-dominated zone 
(table 4 7 ) .  Makushin Valley and Glacier Valley thermal areas both occur 
on the flanks of the active Makushin Volcano, located on Unalaska Island, 
and may be connected to a common source of heat. The Geyser Bight fuma- 
role areas on Umnak Island are probably associated with a boiling sub- 
surface hot-water system that feeds the extensive thermal-springs area 
that occurs at lower elevations in the valley north of the fumaroles. 
Gas geothermometry suggests that the reservoir feeding the K1' ~ U C  he f 
thermal field located on the flanks of Kliuchef Volcano of northeast 
Atka Island may be as high as 23g°C. The Korovin thermal field Lies 
near the floor of a valley 6 km southeast of Korovin Volcano and 5 km 
northwest of the Kliuchef thermal field. The alignment of the Korovin 
and Kliuchef sites is similar to those dikes that are exposed on the 
island and to the direction of plate convergence in this sector of the 
Aleutian arc. 

The Geyser Bight thermal-springs area constitutes the hottest and 
most extensive hot-water hydrothermal-convective system known in Alaska. 
The thermal springs, most of which are at or near boiling, are dispersed , 2 over a 4-km area on central Umnak Island. Deep reservoir temperatures 
are conservatively estimated at 210oC and may be as high as 264'~. 
Although spring temperatures in 1980 were similar to those measured in 



Table  4 7 .  I d e n t i f i e d  hydro thermal  c o n v e s t i v e  sys tems  having  vapor-dominated zones--- 
A l e u t i a n  a r c ,  Atka I s l a n d  t o  Becherof Ldke 

Kliuchrrf .  
Atka I s l a n d  

Korovin.  
A r b  I s l a n d  

G l a c i e r  Val ley .  
Nor thern  Un- 
Alaska  I s l a n d  

HdLurhln V a l l e y .  
n o r t h e r n  Un- 
Alaska I s l a n d  

Geyser Bighc. 
Umnak I s l a n d  

S u r f a c e  manifestation 

Numerous fumaroles ,  s t e a m  v e n t s ,  
v i g o r o u s l y  b o i l i n g  s p r i n g s ,  lov-  
c h l o r i d e  a c i d  s p r i n g s  (pH;,,3-4) 
and i n t e n s e  hydro thermal  a l t e r a -  
t i o n .  Thernral f i e l d  c o v e r s  a r e a  
o f  50,000 m2 a c  650 m  e l e v a t i o n  
on v e s t  f l a n k  of U l u c h e f  vo lcano .  

Steam v e n t s ,  mudpots,  a c i d - s u l -  
f a t e  and n e u t r a l  s p r i n g s .  some 
b o i l i n g  v i g o r o u s l y ,  and a c i d -  
s u l f a t e  v a t e r  l a k e ,  a l l  low i n  
c h l o r i d e .  Two s i t e s  a b o u t  0.5 km 
a p a r t ,  each  50,000 m2 a t  225 m  
e l e v a t i o n  i n  s t r e a m  v a l l e y  a b o u t  
6  km SU o f  Korovin Volcano.  

Numerous f u m a r o l e s ,  s t e a m  v e n t s ,  
and v i g o r o u s l y  b o i l i n g  low-chlor- 
i d e  s p r i n g s .  I n t e n s e  hydro- 
thermal  a l t e r a t i o n .  Thermal 
f i e l d  c o v e r s  a r e a  112 km2 a c  
650 e l e v a t i o n  on SU f l a n k  o f  
Uakushin Volcano. Numerous 
n e u t r a l  low-chlor ide  h o t  s p r i n g s  
and s e e p s  a t  lower e l e v a t i o n .  

Y u m a r o l e ~ .  sream v e n t s ,  mudpots. 
and b o i l i n g  a c i d - s u l f a t e ,  lov-  
c h l o r i d e  s p r i n g s .  I n t e n s e  hydro- 
thermal  a l t e r a t i o n .  TheT1 f i e l d  c o v e r s  a r e a  112 km a t  
825 m e l e v a t i o n  on  E  f l a n k  of 
Uakushin Volcano. N e u t r a l  l o v -  
c h l o r i d e  h o t  s p r i n g s  and s e e p s  
a t  l o v e r  e l e v a t i o n .  

Two s m a l l  a r e a s  c o n s i s t i n g  of 
fumaroles ,  mudpots,  and s team 
v e n t s  a t  325 m e l e v a t i o n  a t  head 
of Geyser Bi h t  v a l l e y .  Areas 
a r e  10.000 mg and about  112 krn 
a p a r t .  Thermal f i e l d s  probably  
connected t o  d e e p e r  ho t -water  
system. 

Es t imated  r e s e r v o i r  
t e m p e r a t u r e s  (OC) Comments 

239 ( 7 )  The thermal  f i e l d  i s  l o c a t e d  a b o u t  1 2  km n o r t h  o f  v i l l a g e  of 
Acka. The sys tem may b e  a  s h a l l o w  vapor-dominated syscem cap-  
p ing  a  d e e p e r  ho t -water  sys tem.  R e s e r v o i r  t empera ture  e s t i -  
mate was made by u s i n g  g a s  g e o t h e m m e t r y .  Tvo a d d i t i o n a l  
t h e r m a l  f i e l d s  l i e  on  t h e  nouth  f l a n k  o f  t h e  vo lcano  a t  e l e v s -  
t i o n s  of 1 , 0 0 0  and 1 , 3 0 0  m. Host r o c k s  a r e  l a t e  Quaternary  
s h a l l o v - d i p p i n g  b a s a l t  and a n d e s i t i c  l a v a  f l o v s .  

> 150 ( I )  The thermal  f i e l d s  o c c u r  v i t h i n  and a round c r a c e r l i k e  d e p r e s -  
s i o n s .  The sys tems  may be p o c k e t s  o f  vapor-dominated convec- 
t i o n  o v e r l y i n g  a  d e e p e r  ho t -water  sys tem.  Cold-vacer s t r e a m s  
run  a d j a c e n t  t o  t h e  thermal  f i e l d s .  Another thermal  f i e l d  
l y i n g  4 krn n o r t h  o f  t h e  Knrovin s i t e s  h a s  been t e n t a t i v e l y  
i d e n t i f i e d  from a e r i a l  photographs .  Host r o c k s  a r e  f l a t - l y i n g  
Quaternary  b a s a l t  and a n d e s i t i c  f l o v s .  

> 150 ( 1 )  - T h i s  t h e r a a l  f i e l d  m y  be connecced t o  che same thermal  s o u r c e  
d r i v i n g  t h e  Makushin V a l l e y  t h e r m a l  f i e l d .  The volcano  h a s  a  
s m a l l  c a l d e r a ,  4  km i n  d i a m e t e r ,  s u g g e s t i n g  8, s h a l l o w  magma 
chamber. Country r o c k  i s  a n  i n t e n s e l y  f r a c t u r e d  g r a n o d i o r i t e  
and gdbbro o v e r l a i n  by b a s a l t i c  f lown.  

> 150 ( 7 )  l'lbr t l ~ c r n u l  t l e l d  i n  l o c a t e d  a t  t h e  head o f  b k u r l l l n  V a l l a y  
23 km west  of Unalaska v i l l a g e  and a b o u t  2  km n o r t h  o f  t h e  
G l a c i e r  V a l l e y  s i t e .  Country r o c k  is  i n t e n s e l y  f r a c t u r e d  
g r a n o d l o r i t e  and gabbro o v e r l a i n  by b a s a l t i c  f l o v .  Both t h e  
G l a c i e r  Val ley  and Makuahin V a l l e y  sys tems  may be s h a l l o w  
vapor-dominated sys tems  o v e r l y i n g  a  d e e p e r  h o t - v a t e r  syscem. 

The proximi ty  of t h e s e  thermal  f i e l d s  t h e  s e r i e s  H  Geyser 
Bight  hoc s p r i n g s  k1 km v e a t )  s u g g e s t s  t h e y  r e p r e s e n t  a  
s h a l l o w  vapor-dominated sys tem v i t h  s team a u p p l i e d  from a  
s u b s u r f a c e  b o i l i n g  water  t a b l e .  



Table  48 .  I d e n t i f i e d  hydro thermal  ho t -water  c o n v e c t i o n  sys tems  T  -150°C--- 
A l e u t i a n  a r c .  Atka I s l a n d  t o  Becherof Lake 

Akutan 8 .  Hunrrous 600 
Spr .  Akutan 
I s l a n d  

No. of E s t .  t o t a l  S p r i n g  Es t imated  r e s e r v o i r  
S i t e  -- s p r i n g s  f low (lpm) tempera ture  (OC1 t e m p e r a t u r e  (OC) - Commenta 

Geyser Bighc. Numerous 1.000 60-100 210 F i v e  s e p a r a t e  h o t - s p r i n g  a r e a s  and tw fumarole  f i e l d s  o c c u r  
Ulmak I s l a n d  a l o n g  a  4-km s t r e t c h  o f  Geyser Creek d r a i n a g e .  S p r i n g s  lowes t  i n  

e l e v a t i o n  l i e  3 112  km s o u t h  of Geyser Bight .  H o t t e s t  s u r f a c e  
s p r i n g  t e m p e r a t u r e s  and s u b s u r f a c e  t e m p e r a t u r e  e s t i m a t e s  occur  a t  . 
s i t e r  C ,  H ,  and J; a l l  t h r e e  have s m a l l  g e y s e r s .  The furoarole 
F i e l d 3  may be connec ted  t o  t h e  d e e p e r  hot-water system. S p r i n g s  
mos t ly  occur  a l o n g  v a l l e y  s i d e s  and emerge from sha l low p o o l s  i n  
v a l l e y  a l l u v i u m .  Most s p r i n g s  a r e  d e p o s i t i n g  s i l i c a  i n  o u t f l o w  
c h a n n e l s .  S p r i n g  J h a s  a n  e x t e n s i v e  s i l i c a  apron  c o v e r i n g  o v e r  
500 m 2 .  Geyser a l g h t  v a l l e y  l i e s  between t h e  h i g h l y  a c t i v e  OLmok 
c d l d r r a  sys tem 40  km t o  t h e  s o u t h w e s t .  Country rock  c o n s i s t s  of 
l a t e  l e r c i a r y  and Quaternary  v o l c a n i c  r o c k s  o v e r l y i n g  middle  Ter- 
t i a r y  p l u t o n i c  r o c k s .  - 

b a n n s  Lake 12 
8 .  Spr . .  AK 
P e n i n s u i a  

Hot S p r i n g s  6 
Cove, Umnak 
191. 

k c h e r  Goose Nwnirous 4.000 
B .  S p r . .  AK 
P e n i n s u l a  

The hoc s p r i n g s  l i e  a l o n g  o r  n e a r  Hot S p r i n g s  Creek i n  a  3 km 
long  zone ex tending  e o u t h  from Hot S p r i n g s  Cove. S p r i n g s  
emerge from p o o l s  i n  v a l l e y  a l l u v i u m  o r  from f i s s u r e s  i n  hydro- 
t h e r m d l l y  cemented stream-bank sed iments .  The s p r i n g s  a r e  l o c a -  
t e d  4 km n o r t h w e s t  of Akutail Harbor and 1 0  !a E o r t h e a a t  o f  t h e  
a c t i v e  Akutan volcano .  Country rock  is  a  mass ive  Quaternary  
d e b r i s  f low i n t r u d e d  by b a s a l t i c  d i k e s .  

Two c l u s t e r s  of h o t  s p r i n g e  l i e  a l o n g  t h e  nor thwes t  s h o r e  of 
h o n s  Lake. The l a k e  o c c u p i e s  a t r o u g h  t h a t  i s  thought  t o  be 
r e l a t e d  t o  c a l d e r a  c o l l a p s e .  The a r e a  e a s t  o f  t h e  l a k e  i s  vo l -  
c a n i c a l l y  a c t i v e  w i t h  s e v e r a l  l a v a  f lows  emplaced i n  Holocene 
t imes .  q u a t e r n a r y  v o l c a n i c 8  compose t h e  sur rounding  c o u n t r y  and 
h o s t  rock .  S i t e  i s  l o c a t e d  24 km n o r t h  of t h e  v i l l a g e  of 
B e l k o f s k i .  

The major s a t  of  s p r i n g s  a r e  l o c a t e d  i n  t h e  s o u t h v e s t  c o r n e r  o f  
t h e  I ~ o e - s p r i n g s  v a l l e y  1 112 km s o u t h  of Hot Spr inge  Cove. 
These s p r i n g s  emerge from p o o l s  i n  t h e  v a l l e y  a l l u v i u m  o r  f rom 
f i s s u r e s  i n  t h e  c o u n t r y  bedrock .  A d d i t i o n a l  s p r i n g s  o c c u r  a t  t h e  
beach and a r e  exposed o n l y  a t  low t i d e s .  Country rock  c o n s i s t s  
of l a t e  T e r c i a r y  and Quaternary  v o l c a n i c a .  

,150 ( ? )  Numerous s p r i n g s  and s e e p s  o c c u r  a l o n g  and above t h e  s o u t h n e a t  
s i d e  of Volcano Creek,  which d r a i n s  t h e  n o r t h  f l a n k  of t h e  v o l -  
cano Mc. Chiginagak i n t o  Mother Goose Lake 16  km t o  t h e  v e s t .  
Thr: combined Flow i s  very  l a r g e .  S i l i c a  geothermometer s u g g e s t s  
s u b s u r f a c e  t e m p e r a t u r e s  a s  h i g h  a s  194%. The ex t remely  h i g h  Hg 
c o n t e n t  of t h e  w a t e r s  does  n o t  a l l o w  a n  unambiguoue a p p l i c a t i o n  
of t h e  c a t i o n  geothermometer.  S u l f a t e  geothermometry performed 
by USCS i n d i c a t e s  a  r e l a t i v e l y  c o l d  r e s e r v o i r  ( 8O0c). Country 
rock  c o n s i s t s  of Cre taceous  and J u r a s s i c  e a n d s t o n e s ,  s i l t s t o n e s .  
conglomera tes ,  and l i m e s t o n e s  o v e r l a i n  by T e r t i a r y  and Quaternary  
v o l c a n i c  f lows  from M t .  Chiginagak.  
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1947,  t h e  combined f l o w  from t h e  h o t  s p r i n g s ,  e s t i m a t e d  a t  1 , O O . O  lpm 

i n  1980,  a p p e a r s  t o  have d e c r e a s e d  a p p r e c i a b l y  s i n c e  t h e  1947 observa-  
t i o n s .  A d e c r e a s e  i n  d i s c h a r g e  o f  t h e r m a l  s p r i n g s  a t  Hot S p r i n g s  Cove, 
n o r t h e a s t  o f  Geyser B i g h t ,  w a s  a l s o  n o t e d .  A geo thermal  r e s e r v o i r  
t e m p e r a t u r e  of 1 8 0 ~ ~  i s  e s t i m a t e d  f o r  Akutan h o t  s p r i n g s ,  a  1-km l o n g  
zone o f  t h e r m a l  s p r i n g s  w i t h  a n  e s t i m a t e d  f l o w  r a t e  600 lpm l o c a t e d  
1 0  km n o r t h e a s t  o f  t h e  a c t i v e  Akutan Volcano. The p r o x i m i t y  of t h i s  
r e s o u r c e  t o  Akutan Harbor (4 km) and Akutan v i l l a g e  make t h e  s i t e  a 
p romis ing  c a n d i d a t e  f o r  f u t u r e  development .  Emmons Lake h o t - s p r i n g s  
s i t e ,  l o c a t e d  i n  a remote  r e g i o n  of t h e  sou thwes t  Alaska P e n i n s u l a ,  i s  
e s t i m a t e d  t o  have  a r e s e r v o i r  t e m p e r a t u r e  o f  1 7 8 ' ~ .  Discharge  f rom t h e  
60°c t h e r m a l  s p r i n g s  w a s  measured a t  600 lpm. Mother Goose h o t  s p r i n g s ,  
l o c a t e d  a t  t h e  b a s e  o f  M t .  Ch ig inagak ,  a n  a c t i v e  vo lcano  on t h e  Alaska  
P e n i n s u l a ,  a r e  d i s t i n g u i s h e d  by t h e i r  enormous r a t e  o f  d i s c h a r g e  ( ~ ~ 4 , 0 0 0  
lpm) and t h e  mixed c h a r a c t e r  o f  t h e i r  thermal-water  c h e m i s t r y .  Deep- 
r e s e r v o i r  t e m p e r a t u r e s  a t  Mother Goose a r e  t e n t a t i v e l y  e s t i m a t e d  a t  
n15o0c. 

F i v e  t h e r m a l - s p r i n g  s i t e s  were  i d e n t i f i e d  t o  have r e s e r v o i r  
t e m p e r a t u r e s  i n  t h e  r a n g e  o f  90° t o  150°C. P a r t o v  h o t  s p r i n g s  may b e  
r e l a t e d  t o  t h e  t h e r m a l  s p r i n g s  o f  Hot S p r i n g s  Cove. The s i t es  l i e  
a b o u t  5 km a p a r t  on c e n t r a l  Umnak I s l a n d .  The Cold Bay, F a l s e  P a s s ,  
and P o r t  M o l l e r  s i tes  are a l l  r e l a t i v e l y  remote  (220 km) from a r e a s  of 
Recent  vo lcan i sm.  Akun S t r a i t  h o t  s p r i n g s  a r e  l o c a t e d  i n  a n  i n t e r t i d a l  
zone;  P o r t  M o l l e r  h o t  s p r i n g s  a r e  a  few m e t e r s  above h i g h - t i d e  l e v e l .  
The False Pass, Akun, and P o r t  M o l l e r  s i t e s  a l l  a p p e a r  t o  be a s s o c i a t e d  
w i t h  l o c a l  f r a c t u r e  sys tems .  

Two of  t h e  t h r e e  s i t e s  i d e n t i f i e d  a s  hav ing  r e s e r v o i r  t e m p e r a t u r e s  
g r e a t e r  t h a n  90°C (Egg I s l a n d  and Kenmore) o c c u r  i n  i n t e r t i d a l  
zones  and a r e  a s s o c i a t e d  w i t h  d i k e s  and f r a c t u r e  s y s t e m s .  The Summer 
Bay t h e r m a l  s p r i n g  o c c u r s  2 Lm i n l a n d  and i s  f e d  from a  mixed warm-water 
a q u i f e r .  Comparison o f  c h e m i s t r i e s  of w a t e r  samples  o b t a i n e d  from two 
s h a l l o w  d r i l l  h o l e s  and t h e  s p r i n g  s u g g e s t s  t h a t  t h e  p a r e n t  t h e r m a l  
w a t e r  mixing w i t h  c o l d e r  s u r f a c e  w a t e r s  w i t h i n  t h e  a c q u i f e r  may o r i g i n a t e  
f rom a  r e s e r v o i r  h a v i n g  a t e m p e r a t u r e  as h i g h  a s  160°C. 

The t h e r m a l - s p r i n g s  s i t e s  i n  t h e  s t u d y  r e g i o n  t end  t o  f a l l  i n t o  
t h r e e  g e n e r a l  t e r r a i n  a s s o c i a t i o n s :  a )  t h o s e  t h a t  o c c u r  on t h e  f l a n k s  
o r  a t  t h e  b a s e  o f  Recent  v o l c a n o e s ;  b) t h o s e  sys tems  t h a t  o c c u r  n e a r  
Recent  v o l c a n o e s  and on o r  n e a r  l i n e a t i o n s  t h a t  s u g g e s t  f r a c t u r e  o r  f a u l t  
c o n t r o l  f o r  t h e  t h e r m a l - s p r i n g  o c c u r r e n c e ;  and c )  t h o s e  sys tems  t h a t  a r e  
remote  from any Recent  v o l c a n o ,  t y p i c a l l y  o c c u r  a t  o r  n e a r  t h e  c o a s t ,  - 
and a p p e a r  t o  be  r e l a t e d  t o  l o c a l  f r a c t u r e s  o r  d i k e s .  These a s s o c i a t i o n s  
are r e f l e c t e d  i n  t h e  wide v a r i a t i o n  i n  w a t e r  c h e m i s t r y  of t h e  A l e u t i a n  
arc t h e r m a l  s p r i n g s  t h a t  were  sampled (App. C) .  F i g u r e  40 p r e s e n t s  
t h e  major- ion c h e m i s t r y  p l o t t e d  on a  P i p e r  Diagram. S p r i n g s  d i r e c t l y  
a s s o c i a t e d  w i t h  fumaro le  and s team f i e l d s  on o r  n e a r  Recent v o l c a n o e s  

a r e  c h a r a c t e r i z e d  by e x t r e m e l y  low c h l o r i d e  ((50 ppm) and o f t e n  low pH. 
Some o f  t h e  n e a r - n e u t r a l ,  low-ch lor ide  s p r i n g s  a r e  c o m p a r a t i v e l y  r i c h  



SAMPLE CODE 

Summer Bay 

Makushin - Glacier Valley 

Makushin - Glacier Valley 

Makushin Valley 1 

Makushin Valley 2 

Partov Cove 

Hot Springs Cove E l  

Hot Springs Cove E5 

Geysers Bight GB 

Geysers Bight J 

Geysers B~ght K 

Geysers B~ght  L - 
Akutan A2 

Akutan D2 

Akun 

False Pass 

Kenmore 

Egg Island 

Cold Bay 

Emmons Lake 

Port Moller 

Mother Goose 

Ukinrek Maars 

Korovin Bay A 

Korovin Bay B 

Sea Water 

Average River Water 



i n  b i c a r b o n a t e  and s u l f a t e  and have h i g h  l e v e l s  o f  magnesium and c a l -  
cium relat ive t o  sodium and po tass ium.  Such w a t e r s  a p p e a r  t o  o r i g i n a t e  
f rom t h e  h e a t i n g  of s u r f a c e  waters c i r c u l a t i n g  i n  s h a l l o w  r e s e r v o i r s  by 
condens ing  s team and v o l c a n i c  g a s e s  r i c h  i n  E12S and G O 2 .  

Thermal w a t e r s  from h igh- tempera tu re  sys tems  a s s o c i a t e d  w i t h  
i n f e r r e d  d e e p - f r a c t u r e  sys tems  such  a s  Geyser  Bigh t  and Akutan h o t  
s p r i n g s  are t y p i f i e d  by m i l d  t o  modera te  c o n c e n t r a t i o n s  of a l k a l i - c h l o r -  
i d e s ,  low N a : K  r a t i o s ,  and h i g h  l e v e l s  of s i l i c a .  Geyser Bigh t  and Hot 
S p r i n g  Cove are a l s o  c h a r a c t e r i z e d  by h i g h  l e v e l s  of boron compared t o  
o t h e r  A l e u t i a n  a r c  h o t  s p r i n g s .  The c o n s t i t u e n t s  o f  t h e s e  t h e r m a l  w a t e r s  
are p r o b a b l y  d e r i v e d  l a r g e l y  from t h e  i n t e r a c t i o n  of ho t -wate r  w i t h  w a l l  
r o c k s  d u r i n g  long- term r e s i d e n c e  i n  deep-sea ted  geo thermal  r e s e r v o i r s .  
Depths  t o  s u c h  r e s e r v o i r s  a r e  l a r g e l y  unknown, b u t  on t h e  b a s i s  of occur-  
r e n c e s  e l s e w h e r e  i n  t h e  w o r l d ,  t h e y  p r o b a b l y  l i e  1 t o  3  km deep .  Some 
c o n s t i t u e n t s  may a l s o  come from even  d e e p e r  p r imary  h i g h e r  t e m p e r a t u r e  
so idum-ch lor ide  b r i n e s ,  which a r e  t h o u g h t  t o  d e v e l o p  o v e r  c o o l i n g  b o d i e s  
o f  magma. 

Thermal s p r i n g s  t h a t  a r e  a s s o c i a t e d  w i t h  r e l a t i v e l y  low s u b s u r f a c e  
t e m p e r a t u r e s  and o c c u r  a t  o r  n e a r  t h e  c o a s t  a r e  commonly a m o d e r a t e l y  
c o n c e n t r a t e d  sod ium-ch lor ide  w a t e r  u s u a l l y  w i t h  measurab le  q u a n t i t i e s  
o f  bromide.  The c o n s t i t u e n t s  i n  t h e s e  w a t e r s  p r o b a b l y  o r i g i n a t e d  i n  p a r t  
f rom t h e  c i r c u l a t i o n  o f  s e a w a t e r  i n  d e e p - f r a c t u r e  s y s t e m s ,  w i t h  magnesium 
and s u l f a t e  b e i n g  s e l e c t i v e l y  removed i n  h igh- tempera tu re  wa te r - rock  
r e a c t  i o n s .  

Carbon d i o x i d e  i s  t h e  dominant g a s  p r e s e n t  i n  a l l  b u t  one o f  t h e  
n i n e  g a s  samples  o b t a i n e d  from h o t  s p r i n g s  and f u m a r o l e s  l o c a t e d  i n  t h e  
r e g i o n  o f  s t u d y .  Methane p redomina tes  a t  P o r t  M o l l e r  h o t  s p r i n g s .  1Jota- 
b l y  h i g h  p r o p o r t i o n s  o f  hydrogen ( 5 . 9  p e r c e n t )  and hydrogen s u l f i d e  
(1 .6  p e r c e n t )  were d e t e c t e d  i n  samples  o b t a i n e d  from t h e  Kl iuchef  the rmal  
f i e l d .  Enr ichments  o f  3 ~ e  i n  g a s e s  o b t a i n e d  from Makushin V a l l e y  fuma- 
r o l e s  a r e  t y p i c a l  o f  i s l a n d - a r c  s e t t i n g s .  The e x c e s s  3 ~ e  i s  thought  t o  
be o f  m a n t l e  o r i g i n .  

Many o f  t h e  h y d r o t h e r m a l  s y s t e m s  i n  t h e  s t u d y  r e g i o n  a p p e a r . t o  be 
i n t i m a t e l y  a s s o c i a t e d  w i t h  t h e  magmatic a c t i v i t y  t h a t  p e r v a d e s  most o f  
t h e  A l e u t i a n  a r c .  Deep r e s e r v o i r s  p r o b a b l y  r e s i d e  i n  most c a s e s  i n  mag- 
m a t i c a l l y  h e a t e d ,  p o r o u s ,  and permeable  o l d e r  r o c k  f o r m a t i o n s  t h a t  under- 
l i e  t h e  Q u a t e r n a r y  v o l c a n i c s .  Widespread l a v a  f l o w s  and hydro thermal  
c e m e n t a t i o n  c a n  a c t  a s  e f f e c t i v e  c a p s  on s u c h  hydro thermal  r e s e r v o i r s .  
F r a c t u r e  and f a u l t  sys tems  g e n e r a t e d  by t h e  convergence  o f  two major  
t e c t o n i c  p l a t e s  p r o b a b l y  h e l p  p r o v i d e  avenues  f o r  t h e  deep c i r c u l a t i o n  o f  
s u r f a c e  w a t e r s  i n t o  t h e s e  magmat ica l ly  h e a t e d  r e s e r v o i r  r o c k s  and perhaps  
a l s o  c o n t r i b u t e  t o  t h e  r e l e a s e  o f  d e e p e r  magmatic f l u i d s .  These f l u i d s  
e v e n t u a l l y  emerge as h o t  s p r i n g s  and f u m a r o l e s .  Thermal s p r i n g s  remote  
f rom c e n t e r s  o f  Recent  vo lcan i sm p r o b a b l y  d e r i v e  t h e i r  h e a t  s o l e l y  from 
t h e  r e g i o n a l  geo thermal  g r a d i e n t  by c i r c u l a t i o n  a l o n g  d e e p  f r a c t u r e  
sys tems .  



Three  l o c a t i o n s  have been i d e n t i f i e d  i n  t h i s  s t u d y  where t h e  poten-  
t i a l  f o r  t h e  development and u t i l i z a t i o n  o f  geo thermal  energy  r a n g e s  
from h i g h l y  p romis ing  t o  o u t s t a n d i n g :  Akutan I s l a n d ,  n o r t h e r n  Unalaska 
I s l a n d ,  and n o r t h e a s t  Atka I s l a n d .  A l l  t h r e e  have h igh- tempera tu re  
( 150°C) geo thermal  r e s o u r c e s  t h a t  a r e  l o c a t e d  n e a r  e x i s t i n g  p o p u l a t i o n  
c e n t e r s  t h a t  have e x c e l l e n t ,  w e l l - p r o t e c t e d ,  deep-water h a r b o r s .  Two 
o f  t h e s e  c e n t e r s ,  Akutan and Unalaska v i l l a g e s ,  p r e s e n t l y  s e r v e  a s  t h e  
major  s u p p l y  and p r o c e s s i n g  p o r t s  f o r  most of t h e  Aleu t ian-Ber ing  Sea 
f i s h i n g  f l e e t s .  The t h i r d ,  Atka V i l l a g e ,  i s  p r e s e n t l y  a  s u b s i s t e n c e  
community and is  a c t i v e l y  s e e k i n g  a n  energy  b a s e  f o r  t h e  development o f  
a l o c a l  f i s h  p r o c e s s i n g  i n d u s t r y .  The e s t i m a t e d  r e s e r v o i r  t e m p e r a t u r e s  
a r e  p r o b a b l y  s u f f i c i e n t  f o r  p roduc ing  moderate  amounts of e l e c t r i c a l  
power (1-5 MW) i n  a l l  t h r e e  l o c a l i t i e s  w i t h  Rankine-type b i n a r y  sys tems  
o r  p e r h a p s  th rough  f l a s h - s t e a m  p r o d u c t i o n .  Cascaded u s e s  a r e  p o s s i b l e  
f o r  d i r e c t  s p a c e  h e a t i n g  and i n d u s t r i a l  p r o c e s s i n g .  

Alrhough t h e  Geyser Bigh t  geo thermal  r e s o u r c e  i s  t h e  h o t t e s t  and 
most e x t e n s i v e  t h u s  f a r  i d e n t i f i e d  i n  A l a s k a ,  t h e  l a c k  of p r o t e c t e d  
deep-water h a r b o r s  and p o t e n t i a l  u s e r s  on Umnak I s l a n d  make t h e  develop-  
ment of t h i s  r e s o u r c e  i m p r a c t i c a l  a t  t h i s  t i m e .  
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APPENDIX A 

ABBREVIATIONS, UNIT SYIMl3OLS, AND CONVERSION FACTORS 

1. A b b r e v i a t i o n s  

DGGS 
I C A P  
nd 
USGS 

2. Uni t  symbols 

O c 
c  m 
J 

kg 
km 
1 
1 pm 
m 
m g  
u  g  
u g l l  
mm 
m.y. 
P  Pm 
umho s 

- Alaska D i v i s i o n  of G e o l o g i c a l  and Geophysical  Surveys  
- I n d u c t i v e l y  coup led  a r g o n  plasma 
- n o t  de te rmined  
- U.S.  G e o l o g i c a l  Survey 

- d e g r e e s  C e l s i u s  
- c e n t i m e t e r  
- j o u l e  
- k i l o g r a m  
- k i l o m e t e r  
- l i t e r  
- l i t e r  p e r  minute  
- meter  
- m i l l i g r a m  
- microgram 
- microgram p e r  l i t e r  
- m i l l i m e t e r  
- m i l l i o n  y e a r s  
- p a r t s  p e r  m i l l i o n  
- micro  mhos 

3 .  Convers ion  f a c t o r s  

O c - 519 'Fahrenhe i t  - 32 
O~/krn - 519 OF -3210.621 m i l e  
cm - 0.394 i n c h e s  
gm - 0 .035  ounce 
j o u l e  - 0.239 c a l o r i e  ( c a l )  

- 9.480 x B r i t i s h  the rmal  u n i t  (Btu)  
1018j  - 1015 Btu - 1 quad 
kg - 2.205 pounds 
km - 0.621 m i l e  
1 - 0.264 g a l l o n  
Ipm - 0.264 g a l l o n s  p e r  minute  
m - 3.281 f e e t  
rnm - 0.039 i n c h  



APPENDIX B 

PRECISION OF WATER ANALYSES 
(from Skougstad and others, 1979) 

Relative deviation 
Analyses Mean (mg/l) percent Constituent 

Si02 



A P P E N D I X  C  
WATER C H E H I S T R Y ,  A L E U T I A N  ARC HOT S P R I N G S .  U N I T S  ARE U C / L  U N L E S S  O T H E R W I S E  N O T E D .  
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